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THE NATURE OF THESE PROCEEDINGS

On July 27, 1993 the Arizona Supreme Court decided In re

the General Adjudication of All Rights to Use Water in the Gila
River System and Source, 175 Ariz. 382, 857 P.2d 1236 ("In re
Gila") and remanded it back to this Court to make certain

evidentiary decisions. That opinion was the second of six issues
of law the Court accepted for interlocutory review on December 11,
1991. Those issues were accepted because this action, which
adjudicates water rights under the McCarran Act, 43 USCS § 666,
will be before the Courts for many years and is exceedingly

complex.

Two issues were remanded. First, a test for use by the
Arizona Department of Water Resources (ADWR) to determine what is
known as '"subflow" under arj a unt unicipa Water
conservation District No. One v. Southwest Cotton, 39 Ariz. 65, 4
P.2d 369 (1931) ("southwest Cotton"). "Subflow" contains
appropriable water under A.R.S. § 45-141 and, therefore, is subject
to the jurisdiction of this Court under state law. In this Court's
opinion, "In re Gila" requires that the "subflow" zone be defined
by physical factors utilizing stable geologic formations, available
hydrological information, and/or organic characteristics of the
area. Second, a test for use as to wells outside the "subflow"
zone which create such a "cone of depression," that they cause
water to be lost to or removed from the "subflow" zone, the stream
bed, or the stream itself.
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The parties divide into two groups. The United States,
Salt River Project, the Indian Tribes and the Nature Conservancy
argue for a "subflow" 2zone as wide as possible and a "cone of
depression" test which provides the greatest protection to stream
flow. These parties have an interest in protecting their surface
rights in stream flow because they already have appropriation
rights or federal reserve rights under Winters v. U.S., 207 U.S.
564, 28 Ss.Ct. 207, 52 L.Ed 340 (1908). Those who refer to
themselves as the "groundwater users" include the mines, several
cities who depend more heavily on groundwater sources, plus certain
agricultural interests. They argue for a much narrower "subflow"
zone, because it provides much more protection for their use of
sub-surface water sources they depend on.

On August 27, 1993 this Court took up the issues
presented and the resolution process. At least two of the parties,
Cyprus Mining and the City of Phoenix, previously presented
requests for direction. A briefing schedule was set and request
for comment on the issue with argument set for October 7, 1993. By
then the Court had received a number of briefs which called for an
evidentiary hearing. The Court agreed and provided certain
specific orders to ADWR and others on how the evidentiary hearing
would be held, how reports were to be prepared, how experts were to
be presented and proposed dates and schedules.

On November 5, 1993 there was further discussion as to
the contents of the experts' reports filed by December 15, 1993.
The next meeting, December 10, 1993, changed the date of the
evidentiary hearing from January 10, 1994 to January 31, 1994,
spelled out what was expected from the parties as to testimony, and
set rules on cross-examination by multiple parties and limits on
evidentiary relevance.

On December 22, 1993 the Court held its first Pretrial
Management Conference and set down four separate evidentiary
rulings which the Court believed all parties were in agreement
with, and noted what seemed to be the quality of the ten separate
reports filed. The Court then requested an acetate overlay
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presentation of how each party's position would show the parameters
of the "subflow" zone in two typical study reaches of the San Pedro
Basin. They were Reach 1 between Reddington and Mammoth (exhibit
18), and Reach 2 Palominas (exhibit 11). The acetate overlays were
mounted over base maps prepared by ADWR and marked as exhibits 12
to 17 for the Palominas Reach (exhibit 11), and exhibits 19 to 25
for the Reddington Mammoth Reach (exhibit 18).

On January 14, 1994 the final details were worked out,
the requested exhibits presented, mounted and viewed by all
counsel, a schedule of the order of witnesses' presentations
arrived at and how cross-examination would be allowed. By then an
exchange of exhibits was to have occurred. Between the 14th and
the 31st, disclosure statements were filed by the City of Phoenix,
Maricopa County, City of Tucson, City of Benson, Apache Nitrogen,
Buckeye Irrigation, City of Tempe, Apache Tribes and the Verde
Valley who did so to preserve their right of cross-examination but
who did not intend to offer any expert testimony and had not
submitted reports.

On January 27, 1994 the groundwater users filed a
disclosure statement indicating for the first time a claim that the
parameters of the "subflow" zone would be defined by the lateral
limits of what they called the "post-1880 entrenchment" rather than
what they reported previously in Dr. Montgomery's Report of
December 14, 1994. During the ten days of the hearing the "post-
1880 entrenchment" theory became the focal point of their position.

Oon Monday, January 31, 1994 this Court commenced ten days
of evidentiary testimony taken from ten different geologists and
hydrologists. March 3 and 4, 1994 were spent on a field trip to
the San Pedro itself. (Two hundred eighteen exhibits were then
received in evidence.) Before testimony started, two sides
presented oral motions to exclude the other's testimony. The
groundwater users requested exclusion of all testimony as to
younger alluvium arguing that "In re Gila" precluded it. salt
River Project, the United States and the Tribes argued to exclude
any testimony as to the "post-1880 entrenchment® theory because it
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was revealed only two court days before the hearing. Both motions
were denied for the reasons stated on the record.

Testimony started on January 31, 1994 with Jon R. Ford
for Salt River Project who was followed by Dr. Thomas Maddock, III,
of the University of Arizona for the Nature Conservancy, Oliver S.
Page for the United States, and T. Allen Gookin for the Gila River
Indian Community. Following them were Dr. Errol L. Montgomery and
Dr. Stanley Schumm, a geomorphologist from Colorado State
University, who presented the groundwater users' position. William
Wellendorf, David Stephenson and Michael Lacey followed for certain
cities on February 10, 1994. Testimony then ended on February 15,
1994 with two days of Steve Erb, Chief of the Adjudication Section
of ADWR.

In the testimony it soon became apparent that almost none
of the experts had done any recent physical investigation on the
San Pedro. What they presented largely were literature searches
and investigation of their own or others' prior reports. No
drilling or soils investigation had occurred. The Court, based on
its own prior experience as counsel for the Arizona Department of
Transportation (ADOT), recalled that the materials division of ADOT
keeps a detailed index of all soils investigation made for highways
constructed, bridges built and materials pits utilized for its
construction in every part of this state. Since there were highways
all over the San Pedro Valley, the Court had ADWR contact ADOT and
discovered that it had drill logs available for the two interstate
highway bridges at Benson in the San Pedro River, the bridge over
the river at Charleston and the bridge at Lewis Springs. These
were secured and copies made available to all parties for their use
and interpretation. (These were marked as exhibits 236, 237, 238
and 239 and testified to extensively by Dr. Montgomery, Steve Erb
and others). While a number of witnesses testified about opinions
based upon well-driller logs of record at ADWR, after receiving the
ADOT logs the United States, Salt River Project and groundwater
users moved extensive drilling equipment into the area and drilled
several sites in both the upper and lower reaches of the river.
The information derived from these drilling programs plus
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interpretation of the ADOT drilling logs is contained in the
rebuttal affidavits filed by Jon R. Ford, Oliver S. Page and
Errol L. Montgomery. These were filed in lieu of further rebuttal
testimony.

On March 3 and 4, 1994 the Court and a large number of
counsel embarked on a two-day, 595-mile field trip covering the
entire San Pedro Valley and visited more than 13 sites. There each
expert was permitted to explain the geology and hydrology of the
site. This was recorded by audio tape, transcribed and filed of
record. It is 258 pages because at nearly every site discussion
was lengthy, often at odds, and sometimes heated. The statements
were first made by witnesses previously sworn at the hearings; but,
by consent, statements were also taken from others including
several 1long-time residents who were witnesses to facts of
historical significance with regard to the river. These were Jack
Smallhouse, a rancher in the area of Reddington whose family
resided and ranched the area since 1880; Barbara Clark, a resident
at Cascabel who had resided in the present location adjacent to the
river for about twenty years; and Ben Lomeli, a hydrologist for BIM
who is a ranger for the San Pedro River Riparian Conservation Area.
A detailed discussion of the trip is contained in this Court's
minute entry of March 11, 1994.

At the conclusion of the hearing on February 15, 1994,
the Court established a schedule for briefing. Principal 1lead
counsel were to file their briefs by March 18, 1994. Others were
to reply by March 25, 1994. After this was done, the groundwater
users filed a Motion to File a Reply Brief and a request for oral
argument. Salt River Project and the United States moved to strike
and deny. The Court allowed those late briefs to stand but denied
oral argument. More than enough had been said and written.

Later, as will be explained on pages 39 to 42 of this
decision, it became necessary that a supplementary evidentiary
hearing be held. It related to a comparison of aerial photography
of the San Pedro River taken in 1935 and 1990. When this Court
became aware of this material, it asked ADWR to carry out a study
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comparing the physical features of the river shown on this aerial
photography which was taken fifty-five years apart. The request
was to look for any changes in the location or size of the
principal channel of the river or the riparian vegetation areas
adjacent to the river. This hearing occurred on June 14 and
June 15, 1994. Four witnesses were heard from and 83 additional
exhibits were admitted.

Prior to and since that hearing this Court has reviewed
all of the testimony given, all of the exhibits, participated fully
in the field trip and read all of the briefs. It also re-examined
the testimony and exhibits of the 1987 evidentiary hearing on the
relationship of groundwater to surface water. It finds a
sufficient foundation of facts needed to rule on the issues
presented. Because one of the criticisms of this Court's prior
instruction to ADWR on the "50%/90-day"™ rule was a lack of
evidentiary record to support it, this order will be necessarily
lengthy.

THE REASONING PROCESS WHICH LED US HERE

\ Having discussed the nature of the proceedings from
July 27, 1993 to date, it should help to understand the decision
which follows to review the thought processes which brought us
here.

This McCarran Act adjudication began as a 3judicial
process in 1979. It combines an adjudication of rights under
Arizona law of prior appropriation for surface water sources,
"Southwest Cotton," with the non-prescriptive right under state law
to reasonable use of groundwater, Bristor v. Cheatham, 75 Ariz.
227, 255 P.2d 173 (1953), with federal law on the rights of federal
entities and Indian tribes to use both surface and groundwater for
the purpose of the federal entity and/or reservation creation.
Cappaert v. U.S., 420 U.S. 128, 965 Ct. 2062, 48 L.Ed.2d 523
(1978). It must deal not only with rights derived from actual use
under state law, but with priorities of rights reserved to federal
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entities and reservations under federal law because the United
States is not only the owner but the Trustee of those lands,
Winters v. U.S., supra.

Unfortunately, from 1979 to 1983 this case was involved
in a jurisdictional dispute which was not resolved until 1983 in
Arizona v. San Carlos Apache Tribe of Arijzona, 463 U.S. 545, 103
S.Ct. 3201, 72 L.Ed.2d 837 (1983). After that, it took a great
deal of time to bring the Hydrographic Survey Report (HSR)
activities of ADWR to the point where the voluminous reports needed
could be readied for judicial analysis and decision. Considering
the size of the Gila watershed, its numerous sub-watersheds, the
number of claimants (approximately 24,000), and the diversity of
interests, that should not be surprising. While the investigation
for the reports was being carried out and reports prepared, the
Court, in order to use its time efficiently, attempted to hear and
decide major issues which were not factually oriented. As a
result, the Court issued a series of pretrial management orders and
decisions including the ruling of September 9, 1988 which included
the "50%/90-day" rule. As stated in "In re Gila," P. 384 of 175
Ariz:

"For five days in October, 1987, the trial
court held hearings on the relationship
between surface water and groundwater.
Hydrologists and hydrological engineers
testified and submitted reports on the
relation between ground and surface water in
general, and in the San Pedro and Santa Cruz
watersheds in particular. The hearings were
for the general education of all parties and
the court, but the material adduced at the
hearing was to be considered evidence on which
the court could rely when appropriate."

A review of the exhibits and testimony of that hearing

reflects the issue of "subflow" or how it could be physically
located was not the focus of those hearings. Rather, it was a
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hearing as to the general relationship of surface flow to
groundwater of all types. Then, and even at this latest hearing,
the consensus of all testimony was that there is a hydraulic
connection between nearly all groundwater and the surface flow in
its area except where: 1) a confined aquifer is sealed off from
surrounding basin fill or floodplain alluvium by substantial
impervious layers such as clay which precludes the connection; or,
2) a groundwater aquifer is beneath an ephemeral stream and the
"vadose" dry zone between the stream and the top of the aquifer
substantially precludes connection.

Following the 1987 hearings, several cities filed a
motion to exclude certain wells from the adjudication arguing they
pumped percolating groundwater rather than surface flow or
"subflow" under "Southwest Cotton." It was at this point that the
"subflow" issue first significantly arose in this case and the
Court's instruction to ADWR on the "50%/90-day" rule was issued on
September 9, 1988. While "In re Gila" is correct in that there was
no substantial evidentiary basis for that instruction, the reason
for it was that the 1987 hearings did not focus on "subflow."

In dealing with the issue of "subflow" as raised in
"Southwest Cotton," the hearings held in January, February, March
and June 1994 specifically focused on it. All its testimony
related directly to that issue and the issue of "cones of

depression."

Another fact needs to be recognized. On page 391 of 175
Arizona Reports, the following statement appears:

"The trial court instructed DWR to apply the
50%/90 day test to all wells located in or

near the younger alluvium. The record shows,

however, that in a given area the youndger
luvium may stretch (o) e ne to dge
ine so at all w s in the va WO

in or nea unger allu ." (emphasis

supplied)
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The position of the second sentence that "younger
alluvium may stretch from ridge line to ridge line" is factually
unsupported. Every witness who testified in this hearing agreed
that "younger alluvium" "Holocene alluvium" or "floodplain
alluvium" (different names for the same thing) is found only in the
center of this broad valley. It does not come even close to the
ridge line in the upper or lower basins of this valley. Those
ridge lines constitute the top of the Huachuca and Whetstone
Mountains to the west and the Dragoon and Mule Mountains to the
east in the upper basin from the border to Pomerene. The valley in
this area is a basin fifteen to twenty miles wide.

If one proceeds geologically from the ridge line of the
mountains down toward the center of the valley one encounters first
substantial rock face, then some distance from the top and
generally at their base the edge of the basin fill deposits. These
divide geologically into an upper and lower basin fill.

Moving further toward the center of the valley one
encounters the edge of what this Court will call the floodplain
alluvium near the center of the valley. It is made up of those
deposits laid down since the end of the "Ice Age." Its width is up
to 7,000 feet in the upper basin and much narrower in the lower
basin which runs from Pomerene north to Winkelman. There the ridge
line is the top of Rincon and Tortilla Mountains to the west and
the Winchester and Galloros to the east. The same geologic
sequence of ridge line, rock face, basin fill, and finally
floodplain alluvium is also found in the lower basin.

Most aquifer recharge occurs at the line of mountain
front recharge. This is where the basin fill meets the rock face.
It is generally thousands of feet below the ridge line and miles
from the floodplain alluvium. The graphic portrayal which follows
shows this relationship.
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Figure 2-3. Generalized cross-section of aquifers systems.

Copy of Page 13 of Exhibit 10.
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THE SAN PEDRO RIVER

While the issues to be decided pertain to watersheds all
over the Gila River watershed, the facts as to the San Pedro River
need to be discussed. :

The San Pedro River Valley is in the basin and range
portion of southeast Arizona. It is oriented from south to north
and flows from Cananea, Sonora, Mexico, to Winkelman. The valley's
elevation ranges from 9,500 feet at its mountain tops to 1,920 feet
at Winkelman. At the international border it is at 4,275 feet and
drops to 3,590 feet at the narrows near Benson. In the United
States the San Pedro River runs about 52 miles from the border to
Benson and another 80 miles to Winkelman for a total of 132 miles.
Its overall rate of drop is about 18 feet per mile but in the upper
basin it is 13 feet per mile and 20 feet per mile in the lower
basin.

According to the HSR prepared by ADWR, Table 4-12, the
river naturally and normally produces approximately 160,000 acre
feet of surface water per year. Approximately 64,000 acre feet is
used by various cultural uses such as irrigation, mining, domestic,
municipal, etc. Another 5,620 acre feet is lost to evaporation and
52,000 acre feet is used by the phreatophytes such as willow,
cottonwood and mesquite which make up its riparian forests. This
leaves about 58,000 acre feet of outflow both by groundwater and
surface water at Winkelman into the Gila River system after
recharge and return from some of the cultural and natural uses.
Dr. Montgomery, in his October 2, 1987 Report for the earlier
hearing (exhibit 11 of that hearing), reported on page 2 that the
lower basin of the San Pedro alone had water storage capacity of 30
million acre feet in its aquifers. ADWR estimated in the HSR that
the storage capacity of the San Pedro Aquifer both upper and lower
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was 84 million acre feet. Attached as Appendix A is that portion
of this river's HSR which estimates its groundwater storage
capacity by sub-watersheds and in total. Also attached is the
water balance portion of the HSR and the aquifer storage estimate
(Appendix B and C-1, C-2, C-3). In comparing these capacities to
what appears to be a relatively low surface flow component, it is
clear this river value as a water asset is largely in its storage
capacity rather than its surface flow.

An important and unexpected bit of evidence in our case
was exhibit 190, Geological Society of American monograph entitled
"Entrenchment and Widening of the Upper San Pedro River, Arizona"
written by Richard Hereford, a direct descendant of the founder of
the town of Hereford. He provides an interesting history prior to
development and post-development of the upper basin from the border
to st. David. Basically what he reports is that prior to 1880 the
San Pedro was a slow, swamp-like river running through various
cienegas abundantly filled with large buffalo fish and beaver dams.
The swamp-like conditions caused malaria in the early St. David
settlements until breaching the beaver dams allowed the swamps to
drain. The areas beside the river were large grassy plains with
little riparian forestation. A picture of the bridge at Hereford
in 1908 is shown on page 15 of exhibit 190. It shows no trees in
the area and a large grassy plain next to a stream entrenched a few
feet below the surface of the adjoining grasslands. oOn our field
trip on March 3, 1994 we found a virtual forest of riparian growth
nearly a mile wide.
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Figure 14. Photograph of the Hereford bridge in 1908 showing entrenched channel. Vlew is upstream.
Photograph from Bisbee Mining and Historical Museum.

Exhibit 190 page 15.

In Hereford's Report, page 19, there are pictures taken
at the Palominas bridge in 1939 and 1991 which also show the very

recent heavy phreatophyte forestation.

The Court'!'s recent

visitation to the area indicated even heavier growth and a channel
significantly narrower from that shown even in the 1991 photo. On
March 3, 1994 the Court found a lengthy three-span highway bridge,
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but a channel so narrow that one could jump across it, as several
did, lodged against the eastern span of the bridge in the two
pictures (one taken in 1939 and the other in 1991) that follow.

Exhibit 190 page 19.
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| nas bridge; view is upstream. (A) Photograph taken in 1939 (from Special Collecﬁons,
University of Arizona, Tucson); (B) 1991. Dense riparian vegetation has developed in the channel.

t

Exhibit 190 page 19.

The reports and testimony all indicate a vastly different

river environment up to 1880.

Thereafter, significant overgrazing

of the grass cover, removal of most of the upland trees for mine
and charcoal use, climatic changes, phreatophyte growth and even,

it is claimed,

an earthquake in Mexico drastically changed this

valley. The vast herds of cattle of the late 1800s and early 1900s

Docket Number

Continued

Page _ 16



r
SUPERIOR COURT OF ARIZONA
MARICOPA COUNTY

t CLERK OF THE COURT

June 30, 1994 HON. STANLEY Z. GOODFARB K Abbott
Deputy

N W-1, W-2, W-3, wW-4
In Re The Adjudication of: Continued

stripped most of the grassland cover from the adjacent parts of the
lower basin allowing significant erosion and phreatophyte
infestation. The climate changes and overgrazing helped change the
river from a slow-moving, marsh, swamp, cienega-like environment to
one where heavy flash floods through narrowed channels could cause
deep entrenchment and deposition. However, as Hereford reports,
this entrenchment occurred mostly at times of significant flood,
and nearly all of the new deposition occurred post-1937.

"The post entrenchment deposits of the San
Pedro River are confined entirely within the
entrenched channel; most were formed after
1937." (p. 19 of exhibit 190)

A view of the diagrams and photographs of the reports
supports the positions of Ford, Page, Gookin and Erb that the
"post-1880 entrenchment" of this river is simply the latest subset
of a depositional process which began after the "Ice Age" and
continued to date. It provides the most recent layer added to what
is generally called the "Holocene" alluvium. Of all the
photographs of importance in the Hereford Report, figure 11, page
12 clearly show that a deposition of flood-bank alluvium which,
according to Hereford, is as recent as 1955. It is not as highly
permeable or clay free as witnesses for the groundwater users urged
in attempting to contrast the same with the general Holocene
alluvium unit in which this latest deposition layer is inset. 1In
a bank of no more than 6 or 7 feet there are six layers of clay
showing recurring periods of deposition. Moreover, other
photographs which are designated as figures 3, 4, 11 and 12
(exhibit 190) show a high degree of comparability between units of
pre- and post-entrenchment depositions. Copies of these
photographs follow.
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Figure 11. Photograph of cutbank exposure of older floodplain alluvium (unit f;) on west side of river 1
km south of Lewis Springs. Downstream to right. Thin dark layers are silty clay. Scale divisions = 10 cm.
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Exhibit 190 pages 8 and 12.
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Figure 12. Photograph showing cutbank exposure of younger floodplain (unit f,) alluvium with truck
tire 0.6 km south-southwest of Contention. Scale divisions = 20 cm.

Exhibit 190 page 12.
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Figure 4. Photograph showing the geomorphic and cut-and-fill stratigraphic relation of the post- and
pre-entrenchment alluvium on the east side of the river 3.2 km north of the Charleston gaging station.
Postentrenchment alluvium (unit t;) forms the lower surface on the left side of the photograph. Upper
surface is the pre-entrenchment McCool Ranch alluvium (unit t,,) overlain by Teviston alluvium. Note
truncation of beds in the older unit. Map units discussed in text. Scale divisions = 20 cm.

EXPLANATION
Correlation of Units

Age
System and Series Years Channel, floodplain,
B.P. AD. Alluvial fan and terraces
F (1950) 1986 \ T
Teviston Postentrenchment
alluvium alluvium
Quaternary System
Holocene Series 42-60 -+-1890-1908 \\\
McCool Ranch Preentﬁenphment
aliuvium alluvium

L 500 -+ 1450
RREBREBERRRRLBBREE 05010
Quaternary-Tertiary Systems :
Undivided
Pliocene-
Pleistocene Series

Valley-fill deposits
St. David Formation

38x10%:

Figure 2. Geologic cross section showing correlation of surficial deposits and geomorphology of the
inner valley of the San Pedro River in the vicinity of Lewis Springs. The geologic relations, geomor-
phology, and deposits are typical of the study area.

Exhibit 190 pages 6 and 8.
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Upper San Pedro River, Arizona

Figure 3. Photograph of a typical exposure of the pre-entrenchme:
Upper Holocene Teviston alluvium overlying the McCool Ranch alluvium of Haynes (1987). Note the
dark bed of cienega-type deposits near top of scale. Subhorizontal line shows contact between the
alluviums. Scale divisions = 20 cm.
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HYDROLOGIC PRINCIPLES

Hydrology is the study of the properties of water. It is
a multi-disciplined science encompassing the study of physics,
chemistry, geology, geography and climatology. Like many sciences ’
it depends upon the acceptance of certain principles agreed upon by
most hydrologists. To understand the evidence received one should
understand the hydrologic principles to which all the witnesses
agreed.

ADWR's Report of December 15, 1993 (pages 4 to 19,
exhibit 10) states them as follows:

Hydrologic Overview

"The alluvial basins of the arid West are
integrated hydrologic systems composed of
surface water and groundwater components.
Water in these systems flows from areas of
high elevation to areas of lower elevation
along a path of greatest slope under the
influence of gravity. Major perennial or
intermittent streams occur in the central
portion of the alluvial basin, occupying the
lowest areas of the basin floor, flowing along
the slope of the basin. The perennial or
intermittent stream is typically surrounded by
younger alluvium. Surface flow in the stream
is derived from runoff from precipitation and
groundwater discharge. Groundwater flows in
unconsolidated and consolidated aquifers from
the mountain fronts at the margins of the
basin toward the center, occupied by the
younger alluvium and the stream. Upon nearing
the center of the basin in the vicinity of the
younger alluvium, groundwater flows under the
influence of the basin slope, in the same
direction as the stream.
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The physical character of groundwater and
surface water in the vicinity of the younger
alluvium is often identical. Surface water
and groundwater in the area occupy the same
geologic space and flow in the same direction
along the slope of the basin. There is free
interaction between groundwater and surface
water; groundwater in the younger alluvium
contributes to the surface flow and the
surface flow recharges the younger alluvium.
Distinguishing between groundwater and surface
water in the vicinity of the younger alluvium
in hydrologic terms to derive a legal standard
is problematic and a byproduct of Arizona's
bifurcated legal system." (pages 4-5)

Stream Types
"surface water streams fall into one of
three types: perennial, intermittent, or

ephemeral. The type of stream is indicative
of the extent of groundwater/surface water
interactions taking place." (page 6)

"Perennial streams discharge water
continuously through the year. Their source
of supply is normally comprised of both direct
runoff from precipitation events or snow melt,
and baseflow derived from the discharge of
groundwater into the stream." (page 6)

"Intermittent streams discharge water for
long periods of time, but seasonally. For
example, an intermittent stream may flow all
winter, every winter, but never flow
continuously during the summer. During
seasons when baseflow is maintained,
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groundwater is contributing to the stream.
During seasons of discontinuous streamflow,
natural and cultural losses may be greater
than the contribution from groundwater,
resulting in a losing stream. Or, the amount
of groundwater discharge itself may have
decreased due to natural or cultural uses."

(page 6)

"Ephemeral streams discharge water only
in response to precipitation events or
snowmelt, and do not have a baseflow component
at any time of the year; they flow out
sporadically. The groundwater system and
surface water system do not establish a
hydraulic connection in these systems."

(page 9)

Aquifer es

"Aquifers are saturated geologic units
that can transmit significant quantities of
water under ordinary hydraulic gradients....
There are three types of aquifers identified
in this study: younger alluvium, tributary
aquifers, and nontributary aquifers. While
these aquifers are distinct hydrogeologic
units, they are interrelated parts of the
dynamic groundwater system." (page 10)

Younger Alluvium

"In the Gila River system, younger
alluvium aquifers are unconsolidated sand and
gravel deposited within the channel course of
perennial or intermittent streams by the
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stream itself.... Groundwater in the younger
alluvium is derived in large part directly
from the stream systen. The hydraulic
gradients and groundwater flow directions are
similar to the associated surface water
stream. The groundwater table elevation in
the younger alluvium is at or near the surface
elevation of the stream.

The younger alluvium is a relatively thin
aquifer. In the San Pedro river ([sic]
watershed, the younger alluvium ranges from
approximately 10 to 200 feet thick. Also, the
younger alluvium occupies only very narrow
portions of the alluvial basins within the
Gila River system."

"The younger alluvium occurs within, and
defines, the channel of ©perennial and
intermittent streams in the Gila River systen.
It underlies and 1laterally grounds the
associated stream and is a hydrogeologic
feature of the stream. The material that
comprises the younger alluvium was deposited
by the stream in the recent geologic past.™

(page 10)

"Conceptually, the stream builds its
channel through scouring and fills it by
deposition, thus creating the younger
alluvium. Throughout geologic time, river
systems have complex scouring and depositional
histories as a result of the external and
internal forces at work within the system....
These processes proceed at a geologic pace and
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are continuing today, defining the younger
alluvium." (page 11)

Tributary Aquifers

"Tributary aquifers occur between
impermeable mountain fronts and younger
alluvium. They receive water from mountain
front recharge and infiltration from runoff.
The aquifers are in direct hydraulic
connection with younger alluvium and transmit
water to younger alluvium. The tributary
aquifers normally have hydraulic gradients
distinct from the hydraulic gradient of
surface water streams and have flow directions
toward surface water streams unless altered by
well pumping." (page 11)

Nontributary Aquifers

"Nontributary aquifers are located in
isolated groundwater basins surrounded almost
entirely by impermeable hardrock with
relatively narrow connections to other
groundwater basins and aquifers. Nontributary
aquifers have no hydraulic connection with
either the younger alluvium or tributary
aquifers. Any stream overlying a nontributary
aquifer is ephemeral." (page 12)

Aquifer Flow Characteristics

"Aquifers are more than just reservoirs
of groundwater. They are dynamic systems that
receive inflows of groundwater, transmit
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groundwater and, in some cases, discharge
groundwater to surface streams.... The inflow
of water recharge occurs from the infiltration
along mountain fronts and stream channels, and
from infiltration of excess water from
cultural uses. Aquifers that border high
mountains normally receive significant
mountain front recharge and recharge from
streamflow infiltration. Aquifers that
underlie large areas of agricultural
irrigation experience significant recharge
incidental to the irrigation practices.

Groundwater in transit will eventually
discharge to a stream if not first withdrawn
by natural (plant 1life) or cultural uses
(pumpage from wells)." (page 12)

"There are four types of. groundwater/
surface water interactions in the Gila River
system: Alluvial valley streams, alluvial
valley streams with confined zones, bedrock
canyon streams, and mountain front streams."

(page 14)

Alluvial Valley Streamg

"Alluvial valley streams are perennial or
intermittent streams that flow in alluvial
basins and are underlain and bounded by
younger alluvium. The alluvial basin is a
structural trough filled with unconsolidated
sediments derived from the adjacent mountains.
These unconsolidated sediments are generally
referred to as basin fill deposits (Anderson,
and Johnson, 1985). The perennial or
intermittent stream commonly occupies a narrow
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inner valley, composed of younger alluvium,
which includes the dynamic channel of the
stream.

A generalized cross-section of an
alluvial valley stream segment is shown in
Figure 2-4a. As depicted in this figure, the
younger alluvium and perennial stream occupy
the inner valley.

Pigure 2-4a. Generalized cross-section of allvuial valley stream segments.

Z Z Z z

Page 15 of Exhibit 10.
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The overall groundwater system within
alluvial valley stream segments has two broad
components: groundwater flowing toward the
stream system, and groundwater flowing with
the stream system. The groundwater flowing
toward the stream occurs in the tributary
aquifer. Groundwater in the younger alluvium
generally flows in the same direction as the
stream but, to a lesser degree, also from the
adjacent tributary aquifer." (pages 14-16)

Alluvial Valley Streams With Confined Zones

"Alluvial valley stream systems sometimes
contain tributary aquifers with underlying
confined zones. The confining layers in the
tributary aquifer are composed of impermeable
silt and clay (Anderson, and Johnson, 1985).
The confining layers prevent vertical movement
of water from the underlying tributary aquifer
to the overlying younger alluvium in
particular locations (Figure 2-4b), thus
interrupting direct hydraulic connection
between the two aquifers. It must be noted,
however, that these situations occur only
occasionally; whether a particular well
withdraws water only from a confined zone
should be determined on a well by well basis."

(page 16)
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Alluvial Valley Streams with Confined Zone

Pigure 2-4b. Generalized cross-section of alluvial valley streams with confined zones
Z Vi Z Z Z

Page 17 of Exhibit 10.

Bedrock Canyon Streams

"Bedrock canyon streams are perennial or
intermittent streams 1located in canyons
bounded by consolidated tributary aquifers or
impermeable bedrock." (page 16)
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Mountain Front Streams

"Mountain front streams are stream
segments in transition from bedrock canyons to
alluvial basins...." "The streams are
perennial or intermittent and are underlain
and bounded by younger alluvium. Many streams
make a transition from bedrock canyon streams,
with narrow younger alluvium bounded by hard
rock, to alluvial valley streams with younger
alluvium bounded by tributary aquifers."

(page 19)
Three other definitions need to be set out.

Vadose Zone - An unsaturated (dry) zone above the water
table (open to atmosphere) where water pressure is less than the
atmospheric pressure.

Permeability - The rate of hydraulic conductivity of the
material the water is passing through (refers to aquifer).

Transmissivity - The rate of hydraulic conductivity
multiplied by the height of the geologic unit it is contained in.

WHAT DOES "IN RE GILA"™ REQUIRE

Unfortunately, the term "subflow," which "In re Gila"
deals with, has no scientific meaning in the vocabulary of
hydrologists or geologists. It is a term only lawyers and judges
use. Every witness said that. All we can do is apply their
scientific principles to find a reasonable factual basis in which
to enwrap the legal concept of "subflow." To do that we must
review the language of "In re Gila."

On page 388 of 175 Ariz., the Court quoted with approval
the following from "Southwest Cotton":
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"there cannot be any abstraction of the water
of the underflow without abstracting a
corresponding amount from the surface stream,
for the reason that the water from the surface
stream must necessarlly fill the loose, porous
material of its bed to the point of complete
saturation before there can be any surface
flow.™

"The test is always the same: Does drawing
off the subsurface water tend to diminish
appreciably and directly the flow of the
surface stream? If it does, it is subflow.™

On page 391 it says of "Southwest Cotton":

"It seems clear that the court considered
subflow and tributary groundwater to be two
different classes of underground water. The
former is subject to appropriation under the
predecessor of A.R.S. § 45-141(A); the latter
is not."

On page 390 the present court quotes Kinney's 1912 work
on "The Law of Irrigation and Water Rights"™ that "subflow" is
"strictly confined to the river bottom®™ and "the water must be
within the bed of the surface stream itself."” Yet on page 391 of
175 Ariz., the case states an opinion more in conformity with
present science and at odds with Kinney's narrow-bed theory:

"We believe the Southwest Cotton court drew a
line between subflow as part of the stream and
water in the surrounding alluvium that is
either discharging into the stream or being
discharged by the stream. That 1line is
relatively close to the stream bed, with
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variations depending on the volume of stream
flow and other variables. Thus, if a well is
drawing water from the bed of a stream, or
from the area immediately adjacent to a
stream, and that water is more closely related
to the stream than to the surrounding
alluvium, as determined by appropriate
criteria, the well is directly depleting the
stream. If the extent of depletion is
measurable, it is appreciable. This is not an
all-or-nothing proposition. For example, 1if
the cone of depression of a well has expanded
to the point that it intercepts a stream beqd,
it almost certainly will be pumping subflow.
At the same time, however, it may be drawing
water from the surrounding alluvium. Thus,
part of its production may be appropriable
subflow and part of it may not. Even though
only a part of its production is appropriable
water, that well should be included in the
general adjudication."

Moreover, the present court said on page 391,

"To say that all of an alluvial valley's wells
may be pumping subflow is at odds with
Southwest Cotton's statement that subflow is
found within or immediately adjacent to the
stream bed."

The sentence quoted is dependent upon the previous sentence which
states,

"The record shows, however, that in a given
area the younger alluvium may stretch from
ridge line to ridge line so that all wells in
the valley would be in or near the younger
alluvium."®
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As stated before, every witness found that statement not
scientifically supportable. It violates general principles of
geology and hydrology. Therefore, this trial court must suggest,
based on the evidence before it, that at least some portion of the
wells in a valley's alluvium must be pumping "subflow"™ or their
"cones of depression" have reached the "subflow" area. Therefore,
they are depleting the surface flow as indicated by the previous
quotation on pages 32 and 33 which discusses the surface flow's
tendency to fill the loose, porous material of its bed. The only
logical and rational way the "Southwest Cotton" and "In re Gila"
theories as to "subflow" can be made consistent with the scientific
principles testified to is to turn to the tests on page 392 of 175
Ariz. where the Supreme Court itself urged of flow direction,

elevation, gradient and chemical composition.

"Whether a well is pumping subflow does not
turn on whether it depletes a stream by some
particular amount in a given period of time.
As we stated above, it turns on whether the
well is pumping water that is more closely
associated with the stream than with the
surrounding alluvium. For example, comparison
of such characteristics as elevation,
gradient, and perhaps chemical makeup can be
made. Flow direction can be an indicator. If
the water flows in the same general direction
as the stream, it is more likely related to
the stream. On the other hand, if it flows
toward or away from the stream, it likely is
related to the surrounding alluvium.™

If we add to those tests the concept that if a "subflow"
zone can be differentiated from adjacent geologic units such as
tributary aquifers and the basin-fill aquifer which discharge into
it or receive discharge from it, a set of principles can be
developed to define "subflow" and still be consistent with
"Southwest Cotton™ and science.
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DEFINING "“SUBFLOWY

A. General Principles

The briefs filed, except for that of the Nature
Conservancy, take a position of 1) a narrow band defined by the
edge of the river principal channel, or 2) a slightly larger post-
1880 depositional layer, or 3) the edge of the central valley's
younger alluvium. The Nature Conservancy offers two solutions, the
first geologic and the second solution provided by the area's
natural vegetation, the growth of phreatophytic plants located in
the riparian zone. Consideration of all of these proposals does
not require an "either/or" solution. Rather, it provides an
opportunity to use a building-block method to find proper
parameters of the "subflow" zone laterally and vertically. This
Court will attempt to do this by going from the narrowest to the
widest zone, and for each asking whether it can be a part of a
wider zone or does it define the absolute limits of "subflow."

Before discussing the conflict between different sides or
proposals, the Court finds that the opinion of "In re Gila" and the
evidence which was uncontested requires that any "subflow" zone
must be defined by at least the following principles:

1. The "subflow" zone must be adjacent and beneath a
perennial or intermittent strean.

2. It may not be adjacent or beneath an ephemeral
stream. However, it may be adjacent or beneath an ephemeral
section of a perennial or intermittent stream, if the ephemeral
section 1is caused by adjacent surface water diversion or
groundwater pumping. There must, however, be a saturated zone
beneath connected to similar zones beneath the upper and lower
perennial or intermittent stream sections.

3. Except as set forth in paragraph 2 above, there must

be a hydraulic connection between the surface stream and the
"subflow" 2zone.
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4. The "subflow" zone must be distinguished from
adjacent tributary aquifers or connecting basin fill.

5. The parameters of the "subflow" zone, if it is to be
defined by reference to the saturated floodplain alluvium, Holocene
alluvium, or younger alluvium, must be outside of and not include
those tributary alluvial deposits known as "inliers" as indicated
in figure 6 of the Stetson Report (exhibit 2).

6. Wells which are located in but perforated below the
saturated floodplain alluvium aquifer are to be included in the
"subflow" component unless these perforations are proven by their
owners to be below a confining zone of impermeable material such as
clay as the inevitable "draw-down" of the well must affect the
"subflow zone" above the perforation.

7. Wells located outside the lateral parameters of the
defined "subflow" zone are not included unless it is proven that
their "cones of depression" reach the "subflow" zone and the
drawdown from the well affects the volume of surface and "subflow"
in such an appreciable amount that it is capable of measurement.

B. dge of the Principal or ami h

The reports of Don Young for the State and William G.
Wellendorf for the Town of Mammoth and the Gila Valley Irrigation
District (exhibits 5 and 8) propose the narrowest of the "subflow"
zones, to wit: the edge of the bed of the principal channel which,
interestingly enough, Mr. Wellendorf defines as the "Holocene"
channel as contrasted to Dr. Montgomery's "post-1880 entrenchment."®
Within its banks the low-flow stream meanders back and forth in
large figure "S" curves. These banks are defined by the highest
flows of one- to three-year flood cycles. ‘

The sole merit of these proposals is the banks or edges
of the channel are easily found on aerial photography: "just look
for the white sand." He frankly admitted on June 1, 1994 that all
he did was use the contour lines on the U.S.G.S. quad maps for the
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basin and little else. These contour lines bear no relationship to
any geologic difference in the formation. Wellendorf's testimony
clearly showed a theory of using the most easily found ground
feature and then dealing with the real problems of surface water
depletion on a case-by-case method by determining the extent of
each well's '"cone of depression.” The problem with any proposal
which emphasizes "cone of depression" solutions over finding an
adequate "subflow" zone is that the determination of a well's "cone
of depression" is a very complicated, difficult and expensive
process. This is seen in the confrontational testimony of
Montgomery, Ford and Page on how to use the various computer-
program techniques and which program is more accurate or useful.
All, however, agreed that "cone of depression" analysis is
expensive and complicated, and that the assumptions necessary and
the frequent lack of data to support such computer techniques
reduce the reliability significantly.

Even witness Wellendorf agrees as is seen in this
discussion between himself and the Court as reported on pages 64
and 65 of Volume VIII of the hearing transcript:

"THE COURT: Did you not make this
statement on page 6 of your report, the last
sentence of the middle paragraph: 'While
empirical techniques exist to numerically
model this technique, heterogeneities known to
exist in aquifers quickly reduce the
effectiveness of these techniques.'

I probably mispronouncead
'heterogeneities.' 1Is that correct?

THE WITNESS: Yes.
THE COURT: What in fact you're basically
telling wus is that the technique of

determining cones of depression, particularly
when the elevation of the water level is not
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flat all the way across but is sloping down to
the river and maybe [sic] sloping the other
way naturally, is subject to a number of
assumptions that make it very difficult.

THE WITNESS: Correct.

THE COURT: So from your standpoint of
what you've done, you've given us the
narrowest subflow zone and set up the most
complex method of determining what we're going
to set up in this adjudication, because you
are going to have to determine individually
whether or not each well has a cone of
depression which hits either your subflow zone
or the stream flow, isn't that correct?

THE WITNESS: Yes."

Also, witnesses agreed no one with any common sense
locates a well in the channel where the flooding expected on a one-
to three-year basis can destroy the well's mechanical and
electrical functions. Therefore, to utilize a method which would
put every single well in the basin outside the "subflow" zone--even
where a well sits on the banks of the river 10 to 20 feet from its
flow--presents a danger of turning this adjudication into a totally
meaningless activity while the river is slowly sucked dry like the
Santa Cruz River.

While Mr. Young suggests the vertical limits of his
"subflow" zone are the top of the older alluvium or bedrock where
no older alluvium exists, Wellendorf's vertical limit is almost
impossible to find especially if one looks at his figure 2 exhibit
of "Holocene Cross Channel Cross Section and Complete Fining Upward
Sequence" (see exhibit 8). He appears to place his vertical bottom
at bedrock. The testimony of this hearing indicated deep alluvial
and basin-fill deposition. There was no testimony of how far it is
to bedrock. The only limit is the HSR use of a 1,200 foot fill to
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determine the aquifer capacity of 85 million acre feet. The
question then must be asked, "Why not the same basis for choosing
the lateral limits as those used to choose the vertical limits?"
When we note that what these two experts had done was draw a

hypothetical line down the middle of the same geological unit, we
must realize that their lateral 1limits have no geological,

If that weren't enough, the real problem of this proposal
is that the location of today's principal channel boundaries have
no stability all as admitted by Mr. Wellendorf on page 78, line 8
to 23:

"THE COURT: Let me ask you two other
questions because of what she brought up. Dr.
Montgomery suggested that the principal
channel, while probably somewhat stabilized
today, has previously had and does still have
some meander effect as compared to his theory
of post-entrenchment alluvium. Would you
agree with that?

THE WITNESS: Yes.

THE COURT: So that the channel is
subject to being moved by high floods, high
flows and things of that nature.

THE WITNESS: Yes, I think it would take
a pretty major event.

THE COURT: Like some of the floods that
are mentioned in Hereford's report?

THE WITNESS: Yes."

At the Paul Sale property near Winkelman on March 4, 1994, Mr. Sale
explained how the 1983 flood had moved the channel 1,000 feet
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westward and wiped out 90 acres of his farm land. In 1993 the
channel moved once more. This time it ended up 500 feet eastward
after it moved westward again and took out 15 additional acres of
his pecan orchard. Further, he also pointed out the several
locations the principal channel had occupied since he had begqun
farming there in 1970 and how it had moved after the 1979, 1980,
1983 and 1993 floods.

On the last day of court testimony Steve Erb testified
how a comparison of the 1935 aerial photograph to the more recent
1990 aerial photograph showed significant changes in location of
the river channel from Pomerene north for several miles (see
exhibits 260 and 261). During his cross-examination there was a
discussion of an overall review of the 1935 aerial photography and
a comparison to the latest 1990 photographs. This was also
reviewed in a discussion on our field trip at the beginning of
March 4, 1994.

Also in the Hereford report (exhibit 190), page 8, figure
5, there is presented a clear representation of channel migration
in a large meander about 2 miles north of the Hereford bridge. It
illustrates channel movement of approximately 1,500 feet.

As a result of this, the Court requested that ADWR
compare its 1935 aerial photography with its latest 1990 photos
along the entire river and report any channel changes found. That
report now completed indicates the channel is not stable. It often
narrows and shifts significantly. The results of that study,
exhibit 365 and Appendix E1 to E3 and the map of the area of the
study (Appendix D) are attached. The study shows a single channel
widening of up to 168 feet and a narrowing in 27 locations of from
67 feet to 976 feet. It also shows 28 shifts in overall channel
location of from 66 feet to 1,200 feet.

Unfortunately none of the 1935 aerial photography was
then placed in evidence during the ten-day hearing. The same was
true of most of the 1990 aerial photography except for exhibits 260
and 261. This Court, therefore, brought the matter up at its
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monthly hearing on April 29, 1994 in the following manner as
indicated by its minute entry of that date.

"The Court, while working on the ruling
for the trial, recalled the testimony of Steve
Erb and the discussion with Mr. Sales
regarding the movement of the river at
Pomerene during the 1970, 1983 and 1993
floods. The Court requested that ADWR compare
the 1935 and 1990 aerial photographs to
determine the movement of the channel as well
as what happened to the riparian areas along
the river. The photos from 1935 are the
earliest photos except for some old historical
photos found in exhibit 190, the Hereford
Report, and the book entitled e a
Mile. ADWR did 26 transects on the river and
found a substantial narrowing of the channel.
The widest widening of the channel from 1935
to 1990 was 100 feet; the greatest narrowing
was 900 feet. There was only one instance of
widening but 25 instances of narrowing and 26
instances of substantial shifts, the largest
of which was approximately 1,000 feet. The
photographs will be available after the
hearing and Chuck Cullom will answer questions
from counsel. ADWR will have the materials
available for the next 10 days and copies are
available. The Court intends to use these
studies for its ruling. If counsel wish to
contest the results of this study, affidavits
may be filed as was done with the rebuttal
affidavits at the evidentiary hearing."

Thereafter several parties filed affidavits. Salt River
Project filed an Affidavit of Jon Ford who supports the conclusions
of ADWR and opines what appears to be a rational reason for the
narrowing of the channel to wit: vegetative growth during periods
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of low water flow, consisting of phreatophytes above the "subflow"
zone, attempts to fill in all but the low-flow channel. However,
during periods of high flow the erosive force of the floods "clean
out" these vegetative obstructions. William G. Wellendorf also
filed an Affidavit which basically criticized ADWR's technique of
photo interpretation.

Dr. Errol Montgomery also filed an Affidavit which also
attempts to critique ADWR's photo comparison method, but basically
agrees with ADWR's substantial conclusions that there is
substantive evidence of a narrowing of the principal channel from
1935 to 1990 and some shifting of its location. Basically Dr.
Montgomery's Affidavit was directed to showing that most, if not
all, of these shifts in location and size took place within the
boundaries of what he proposes for the "post-1880 entrenchment® and
deposition zone.

As the affidavits increased, there was a further request
for an evidentiary hearing and the Court agreed to hold such and
did on June 14 and 15, 1994.

The hearing produced testimony from Charles Cullom of
ADWR who did all of its reports on the comparative aerial photo
interpretation, Jon Ford for SRP, William Wellendorf for the Town
of Mammoth and Drs. Schumm and Montgomery for the groundwater
users.

While all agreed that an attempt to compare early aerial
photography (1935) to recent photography (1990) was a difficult
scientific process which could not produce exact comparisons, all
agreed that experienced analysts could determine important
information if carefully done. This Court believes all who
testified were very experienced, did a careful job and the results
were very important in that it showed:

1. The principal channel in nearly every instance where

a comparison could be made was narrowed often significantly between
1935 and 1990.
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2. When that narrowing occurred, there was often a
shift in location of the whole channel to the east or west. 1In
several instances this shift took it beyond the channel parameters
of either Wellendorf, Young, Schumm or Montgomery. See exhibits
260, 261, 313, 317, 319, 320, 324, 325, 328, 330, 331, 332, 333,
334, 335, 338, 339 and 365.

Exhibits 313 and 365 are the latest ADWR calculations of
the channel changes on the 28 transects mentioned previously.
Exhibit 331 is the calculation made by Errol L. Montgomery and
Associates, Inc. from the same aerial photography. The latter two
exhibits (365 and 331) are also attached as Appendix E-4 to E-8.
In addition to those calculations, this Court made its own
comparison of each of the aerial photographs and based on all of
the above finds:

CHANNEL MOVEMENT

DIRECTION

TRANSECT CHANNEL OF

LOCATION SIZE | FEET MOVEMENT FEET

la widen 168" east 500"

2a narrowed 207" west 491"

2b narrowved 307' east 656"
I 2c narrowed 477" east 288" I

2d narroved 104" east 143"

3a narrowed 170° east 449°

3b narrowed 439" west 429'
I 3c narrowed 398! east 530°' J
l 3d narrowved 134" east 107°*

s
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CHANNEL MOVEMENT _
DIRECTION

TRANSECT CHANNEL OF
LOCATION SIZE FEET MOVEMENT FEET

I 4a narrowed 236" east 190'

I 4b narrowed 337! west 557!
5a narrowed 100" west 64"

l 5b narrowed 630" west 541"
5¢c narrowed 62" east 964"

I 6a narrowved 134° west 234!

l 6b narrowed 100" west 1200°
6c narrowed o' west 667"

| 6d narrowed 300! east 466"
7a narrowed 367" west 700"

I 7b narrowved 200" east 500"

I 7¢ narrowed 100°' east 100°'

I 7d narrowed 133' east 133°

I 8a narrowed 966" west 900"

l 8b narrowed 400' east 366'

l 8c narrowed 200" east 233!
9a narrowed 500" east 433'
9b narrowed 800° east 500"
9c narrowed | 399' east 566"
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In spite of all of the protestations of Mr. Wellendorf
and Dr. Montgomery that, in their opinions, the channel from 1935
to 1990 was "stable," any view of the channel location as shown on
these two sets of aerial photographs taken fifty-five years apart
shows the invalidity of those opinions.

While the Court clearly finds that the Wellendorf and
Young proposal of the principal channel as the extent of the
"subflow" zone is without merit, the Court does find that the
parameter of that channel does constitute the innermost portion of
that zone.

C. "Post-1880 Entrenchment" and Deposition

The principal theory proposed by the "groundwater users"
and its supporters is the theory of Drs. Montgomery and Schumm that
"subflow" is best defined by use of the lateral limits of what they
claim is the post-1880 depositional layer and the vertical limit is
the bottom of the Holocene or the top of the basin fill.
Unfortunately, neither of their reports filed on December 14, 1993
(exhibits 6 or 7) mentioned this theory. Dr. Montgomery proposed
basically the same lateral limits as Dr. Wellendorf and Mr. Young--
a smoothed principal channel--and Dr. Schumm proposed nothing as 17
of the 19 pages of his expert report were taken up with his
"curriculum vitae." Only two court days before trial, the new
theory was revealed in a "Disclosure Statement" which presenters of
witnesses including the groundwater users did not have to file. In
spite of its late disclosure, the Court permitted the theory to be
presented and it still thinks it appropriate because the
entrenchment and deposition theory is supported by the work of
Richard Hereford (exhibit 190). However, the Hereford Report only
discusses a portion of the upper San Pedro basin. There is no
mention of the lower basin from Pomerene north. His work probably
related to the part of the basin he knew best. A copy of the map
of the area in which he worked is attached as Appendix G.

The 1lower basin is quite different physically and
geographically. This was quite evident from the field trip. The
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lower river valley is much narrower. The gradient of the stream is
steeper. There are more areas of thicker vegetation. The
mountains and adjacent foothills encroach closer to the river. The
Court has attached seven oblique aerial photographs as Appendix H,
I, J, K, L, M, and N. The first three are typical views of the
upper basin and the last four are typical of the lower basin. The
differences between the basins are quite evident in comparing the
different sets. With regard to the lower basin, the last four
photographs present a fairly clear view of where the basin fill
meets the floodplain alluvium and how the riparian vegetation can
be used to define the "subflow" zone in some areas.

This Court will not comment on the charges of lack of
credibility that the opponents of the groundwater users seem to
dwell on because of their late disclosure. This Court assumes that
Drs. Montgomery and Schumm became aware of the Hereford Report
after their initial investigation and decided that the geologic
unit which that report presented made a lot more sense than the
edges of a stream channel. This was probably for the same reasons
this Court pointed out previously. It was also easier to defend;
and one can hardly fault them for that.

Having said that, the Court believes the lack of channel
stability discussion previously set forth on pages 39 to 43 of this
Order applies equally to Montgomery and Schumm's theory as to
Wellendorf and Young's theory of the edge of the principal channel.
The "post-1880 entrenchment" and deposition theory is entirely
dependent on the deeper entrenchment of the channel after 1880. If
that channel lacks stability, it is difficult to understand how the
deposition, which takes place after such flooding entrenchment, can
have any more stability than the channel it follows. Moreover, if
as Hereford suggests, most depositional layers occurred after 1937
while the entrenchment started 50 to 57 years earlier, that
geologic unit's lateral stability must be considerably less than
that of the Holocene which started after the "Ice Age" and has been
in place 10,000 or more years. A post-1937 depositional era, at
best, is a minuscule portion of geologic time.
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When cross-examined about the lack of channel stability
as discussed previously on pages 39 to 43, Dr. Montgomery's
position was that such stability problems related only to the
physical channel itself and since he relied on the parameters of
the "post-1880 entrenchment,” the problem did not affect the
validity of his opinion. However, after viewing the 1969 infrared
aerial photograph of the area north of Benson and past Pomerene,
his exhibits 340 and 341, he had to agree that the 1935 channel was
significantly different and much of it outside of his defined
"post-entrenchment"” boundaries from the Benson railroad bridge
north to Pomerene and in the Cascabel area.

Much as Drs. Montgomery and Schumm might desire the Court
to accept these variations from where they first located this
"post-1880 entrenchment" corridor, there are other facts which
further erode their "stability" claim for this "post-1880
entrenchment" theory which are as follows:

1. The location of the original dam for the Pomerene
Canal was located in Township 17S, Range 20-21E, section 25. It is
obvious that the original dam had to be located in the channel of
the river as it was the source of the community of Pomerene's
irrigation water at that time. However, when the 1921 flood
destroyed and moved that dam downstream, it was replaced with a
newer dam in section 36 to the southwest. Yet, the Montgomery
designation of the "post-1880 entrenchment®™ defines a different
channel and fails to recognize the o0ld channel where the first dam
was. (See exhibits 86 and 319.) By measurement it is clear Dr.
Montgomery's "post-1880 entrenchment"” leaves out at least 4,000
feet of old channel, some of which is 700 to 800 feet east of their
designated "post-1880 entrenchment" corridor.

2. Also, in sections 3 and 4 of Township 15S, Range
20E, there is another large area missed in the original designation
of exhibit 88. It is now shown on exhibit 320 and was referred to
in the testimony of June 14, 1994 as an area of probably an early
attempt at an orchard.
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3. Another important area of misdesignation is the area
of the Paul Sale property, sections 5, 6 and 8 of Township 6S, 12
and 16E. (See exhibit 321 to 325 which are transparencies of the
channels boundaries as shown on the 1935, 1947, 1955 and 1990 and
most recent evolution after the 1993 floods.) In comparing these
exhibits with exhibit 91, the map on which Dr. Montgomery or his
associates drew the parameters of the "post-1880 entrenchment"
channel, it is clear they missed by nearly 1,000 feet in some
places, the east edge of channel in sections 5, 6 and 8 as shown on
the 1935 aerial photography.

Attached as Appendix 0O-1 to 0-5 are exhibits 317, 319,
320, 325 and 338 which indicate the misdesignations of the channel
in the areas of the Benson railroad bridge to the north, the dam
for the Pomerene Canal, Cascabel and the Paul Sale property.

Also, if one examines the exhibits prepared by Dr.
Montgomery's firm which are exhibits 332, 333, 334 and 335, and the
enlargements of the first three which are exhibits 347, 348 and
349, it is clear that even he agrees that at transects 2a, 2c, 3b,
3c, 34, 5a, 5b, 5¢, 6b, 6c, 64, 8a, 8b, 8c and 9b the 1935 aerial
photography shows the channels of the river as located outside of
those parameters of what he calls his "post-1880 entrenchment."
Copies of exhibits 332 to 335 are attached as Appendix 0-6 through
0-9.

Another problem with this "post-1880 entrenchment” theory
is the lack of consistency between the lateral and vertical limits
of the proposed "subflow" zone as discussed previously. Also, it
must be pointed out that with a knowledge that this post-1937
depositional layer has a thickness of from 4 to 13 feet and some of
it is "vadose" or non-saturated, we have at best a saturated post-
1937 layer of from 0 to 10 feet. In most of the river's length it
sits above or is inset in the Holocene layer. Therefore, the
Holocene layer below it must be totally saturated for the balance
of its 40 to 200 feet of depth. 1In spite of this, Drs. Montgomery
and Schumm as well as Mr. Young propose a vertical 1limit of
nsubflow" at the bottom of the Holocene and admit that any well
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which has perforations below it and in the basin f£ill will quite
quickly draw down water from the Holocene. The water pulled from
any "subflow" zone will quickly affect the volume of the surface
stream above.

A "subflow" zone defined by this post-1937 depositional
layer theory has very few wells located within its lateral limits.
This, of course, increases the number of the "cone of depression"
analyses which must be made. The problems associated with this
analysis have been previously discussed.

At the end of the first 10 days of hearings, Drs.
Montgomery and Schumm finally hung their hats on two principal
claims:

1. The post-1880 or post-1937 depositional layers are
significantly more permeable than the Holocene; and,

2. The Holocene is cemented in a way that bonds the
sand, gravel and boulders into a consolidated mass through which
less water can pass.

However, the testimony of Dr. Maddock, Steve Erb, Jon
Ford, Oliver Page and Allan Gookin are all in direct conflict with
those claims. Further, the drill logs of the recent drilling by
Ford and Page disprove this theory as did ADWR's interpretation of
the ADOT drill logs on the bridges on I-10 at Benson and the
Charleston and Lewis Springs bridges. This is also true of other
well logs in the area including the well logs of the Magma wells at
site number 11 on our field trip 5 miles south of Mammoth (see the
rebuttal affidavits of Ford and Page, exhibits B, C and D attached
to the salt River Project Post-Hearing Brief of March 18, 1994 and
exhibits 262, 271 and 281 from the trial).

Probably the most confrontational of all the field trip
discussions between Drs. Montgomery and Schumm and Jon Ford and
Oliver Page occurred on the afternoon of March 4, 1994 at site 11.
It was at the southwest corner of the cultivated field and in the

Docket Number Continued Page _49



r
SUPERIOR COURT OF ARIZONA
MARICOPA COUNTY

L CLERK OF THE COURT

June 30, 1994 HON. STANLEY Z. GOODFARB K. Abbott
Deputy

N W-1l, W-2, W-3, W-4
In Re The Adjudication of: Continued

river bed adjacent thereto shown on exhibit 78 in evidence and
attached as Appendix M. Here Drs. Montgomery and Schumm tried to
explain why the field just east of the river and the wells located
adjacent thereto were not in the "subflow" zone. This was, they
claimed, because the "post-1880 entrenchment" deposits which were
only in the sandy areas adjacent to the river, were more permeable
and less cemented than the Holocene alluvium which underlay the
cultivated fields and large phreatophytic areas of mesquite out of
which those fields extracted. A look at the photograph (Appendix
M) shows the physical relationships. To the knowledgeable eye it
probably shows the edge of the "subflow" 2zone where the
phreatophytes meet the basin fill rather than simply the sandy
banks of the river as claimed by Drs. Montgomery and Schumm.
Further, in spite of all their claims of new kinds of tests as to
permeability and cementational differences between the post-1937
depositional layer and the Holocene it was inset into, three Magma
wells drilled in 1991 in this very area and shown in ADWR well log
registration records reveal the true underground record when they
showed the following:

Well #1, registration #55-529969, drilled 2/26/91
sand, gravel and cobbles from 0 to 45 feet

clay from 45 to 47 feet

sand gravel and cobbles from 47 to 63 feet

Well #2, registration #55-529971, drilled 2/26/91
sand, gravel and clay from 0 - 32 feet
sand, gravel and cobbles from 32 - 65 feet

Well #3, registration #55-530124, drilled 1/28/91 to

2/8/91, to 1000 feet of depth

sand and gravel from 0 - 70 feet

This last well was drilled by Dr. Montgomery's firm. (See
the attachments to the Salt River Project Post-Hearing Brief all of
which are copies of drill log records filed with ADWR as required
by statute.
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Obviously, Magma's own well-drilling logs do not support
the Montgomery/Schumm theory of higher permeability and less
cementation of this post-1937 depositional layer.

In the opinion of the Court, the weight of the evidence
clearly fails to indicate any significant difference in
permeability between what Drs. Montgomery and Schumm contend is a
"post-1880 entrenchment" depositional layer and the balance of the
Holocene floodplain alluvium of which it is a part. The Court
finds the testimony of Messrs. Erb, Ford, Page and Gookin have the
greater weight and the exhibits presented showed no indication of
any claimed differences.

It is incongruous for the groundwater users to first
claim that there is a great disparity between the lithology,
hydraulic conductivity, and other characteristics of the post-
entrenchment alluvium and the Holocene, and then advocate that the
post-entrenchment alluvium be used only to define the lateral
limits of "subflow" with the Holocene to be utilized to set its
vertical extent. This is particularly true when the entrenchment
is only 5% to 10% of the Holocene depth.

Even Dr. Montgomery's own Report on October 2, 1987
(exhibit 11 of the 1987 hearings) describes the floodplain alluvium
of the San Pedro in the following terms:

" F100DPLAIN ALLUVIUM
Geologic Feature

Floodplain alluvium occurs along the San
Pedro river and its major tributaries....
Records of water wells which penetrate the
unit near San Manuel indicate that the
thickness of the floodplain alluvial deposits
ranges from about 30 to 205 feet. The
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floodplain alluvium is commonly coarse~-grained
and consists chiefly of non-consolidated sa

gravel, and boulders. (emphasis added)
Groundwater Features

In the Lower San Pedro Basin, the
groundwater level commonly occurs above the
base of the floodplain alluvial deposits, and
the lower parts of the unit are saturated.
The deposits are highly permeable, comprise
efficient infiltration media, and yield large
amounts of groundwater to wells that are

completed in the unit. Because the deposits

ommonl coarse-graine on-
consolidated, the floodplain alluv deposit
are usuall the most ermeabl h
hydrogeologic units in the basin. The

floodplain alluvium accepts and transmits
recharge water from streamflow. Groundwater
in the unit generally occurs under confined
conditions.” (emphasis added)

There is no mention therein of any "post-1880
entrenchment® or depositional unit, its high degree of permeability
or lack of cementation.

This Court finds the groundwater users theory of
limitation of the parameters of the "subflow" zone to be without
merit. However, like the principal-channel boundary theory out of
which it evolved, the Court believes the lateral bounds of this
theoretical unit are within the parameters of a broader "subflow"
zone wider than these groundwater users propose.

D. The Nature Conservancy Riparian Zone

The position of the Nature Conservancy is urged by an
attorney and hydrologist whose efforts were pro bono. It is a
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pleasure to have such people involved and to be able to largely
agree with their position. Their proposed alternatives were:

"It is clear from all of the evidence that the
only reasonably acceptable geologic unit by
which subflow may be defined is the holocene
alluvium by whatever norm referred to." (p. 2)

Alteratively they submitted:

"...it is not necessary to resolve the
geologic debate in order to define the subflow
zone. Fortunately, nature has already
provided readily observable surface indicators
of where this underground water is located,
those being the phreatophytic plants located
in the riparian area or zone immediately
adjacent to the river." (p. 5)

If we were limited to only physical evidence of water use
at a particular location which had an observable effect on the
height of the flow in the stream itself, only the testimony about
phreatophytes would meet that test. During our field trip there
were anecdotal accounts by Messrs. Lomeli and Smallhouse and Ms.
Clark about observable water use by phreatophytes that had a
direct, immediate and measurable impact on the surface flow of the
adjacent stream. These impacts occurred on a daily or diurnal
basis and changes in stream flow were readily observable as were
seasonal variations, all relating to the metabolic functions of the
plants. The testimony was that the fall and winter seasonal
changes could double the stream flow because the leaves were off
the trees and there was no transpiration occurring. Wwhile daily
changes between daylight and dark were not as great, they were
clearly discernable. Even Dr. Montgomery agreed when cross-
examined by Steven Weatherspoon about a camping experience where
the flow was non-existent when he and his son went to sleep, but
the stream flowed in the morning because the stream recharged
itself at night when the phreatophytes' pumping mechanism was not
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in effect. No one can be surprised by such facts when the water
balance of the San Pedro Previously discussed showed that of its
total produced supply of 158,610 acre feet, approximately % or
52,600 acre feet went into phreatophytic use.

The evidence is undisputed that riparian plants directly
draw off and diminish the surface flow of adjacent streams.
Riparian forestation meets the test of "In re Gila" which asks,
"Does the drawing off the surface water tend to diminish
appreciably and directly the flow of the surface stream" (p. 393 of
179 Ariz.) Moreover, this Court accepts that we have a readily
usable definition of "Riparian Area" in A.R.S. § 45-101(b):

"!'Riparian area' means a geographically
delineated area with distinct resource values,
that is characterized by deep-rooted plant
species that depend on having roots in the
water table or its capillary zone and that
occurs within or adjacent to a natural
perennial or intermittent stream channel or
within or adjacent to a lake, pond or marsh
bed maintained primarily by natural water
sources. Riparian area does not include areas
in or adjacent to ephemeral stream channels,
artificially created stockponds, man-made
storage reservoirs constructed primarily for
conservation or regulatory storage, municipal
and industrial ponds or man-made water
transportation, distribution, off-stream
storage and collections systems."

Unfortunately, this Court does not believe that
delineation of all riparian areas in their predevelopment stage, as
advocated by the Nature Conservancy, will be as easy as it thinks.
A look at the 1935 aerial photography of the area does not easily
show the boundaries of riparian area in a predevelopment stage.
Even then there were large areas of agricultural field development,
particularly in the St. bavid and Pomerene areas. The same is also
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true in the lower basin where Jack Smallhouse told us his family
once farmed 2,000 acres along the river. The field trip in the
Hereford and Palominas areas shows fields long cultivated but now
unused with limited phreatophyte invasion. Another problem is that
in the true predevelopment age before the significant overgrazing
of the late 1800s and early 1900s, the heavy grass cover of the
upper basin prevented much phreatophication. (See exhibit 190,
page 15.) The other side of the coin is that as cultivated fields
along the river went out of production, phreatophication increased.
(See figures 16 to 19 of exhibit 190.) This is clearly shown by
the pictures of the Palominas Bridge taken in 1939 and 1991 which
were attached. This shows the problem of phreatophication
increases, resultant channel narrowing and later highly erosive
effects of flooding when high flows are forced through narrower and
narrower channels all as described in the Affidavits of Ford and
Wellendorf.

In addition to the study of channel changes and shifts,
this Court also requested ADWR to also analyze any change in
riparian habitat along the San Pedro River from 1935 to 1990. The
study indicated significant riparian changes from reductions of "up
to 3,100 feet along one transect to an additional 1,900 feet along
another transect." (A copy of that analysis, also a part of
exhibit 365, is attached as Appendix F-1, F-2 and F-3.) A study of
the 1990 aerial photography shows nearly all reductions to be the
result of cultural development such as new agricultural fields.

Figure 5, page 8 of exhibit 190, which is reproduced in
Oliver Page's Report for Stetson Engineering in exhibit 2 as its
figure 7, and is attached here as Appendix P, shows the lateral
migration of this river from 1890 to date in a large meander about
2 miles north of Hereford. Based on our March 4, 1994 field trip,
that area is one of many old and new channels. There is nearly a
mile of phreatophytic width in this area.

To the extent that phreatophication exists or can be

documented in the areas adjacent to the principal channel, it does
mark that portion of the area of the "subflow" zone. If it extends
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to the lateral edge of the saturated floodplain Holocene alluvium,
then it is a vital marker. However, even phreatophytes cannot tell
‘the difference between floodplain alluvium and tributary aquifer
alluvium and, therefore, can be a false marker. The boundaries of
the riparian zones are helpful and certainly within the "subflow"
zones if they do not extend over onto the top of tributary aquifer
or basin fill. After consideration of flow direction, water level
elevation, the gradation of water levels over a stream reach, the
chemical composition if available, and lack of hydraulic pressure
from tributary aquifer and basin fill recharge which is
perpendicular to stream and "subflow" direction, the Court finds
the most accurate of all the markers is the edge of the saturated
floodplain Holocene alluvium.

E. The Saturated Floodplain Holocene Alluvium

Throughout the hearings, field trip and later briefing,
the parties have used the terms Holocene, younger alluvium, and
floodplain alluvium interchangeably. This Court believes the
proper terminology for the geologic unit which defines "subflow" is
the "saturated floodplain Holocene alluvium."” That term is used
deliberately. Both the Holocene or younger alluvium and the basin
fill are descended from the same source, the rock of uplifting
mountains. While the depositional processes were somewhat
different, where these units meet it is sometimes difficult to
discern the differences between one type of eroded, depositional
debris from another, particularly when they may both be saturated
and water bearing. Moreover, water, when it fills the porosity of
a geologic unit, doesn't know the difference between what is
"subflow," younger alluvium or basin fill. However, only the
younger Holocene alluvium can pass the test of "subflow" as it is
the only stable geologic unit which is beneath and adjacent to most
rivers and streams, except those in the mountains where bedrock
surrounds the flow.

Also, in order to fulfill the definition of "subflow,"
the geologic unit must be saturated because of the need for a
hydraulic connection between the stream and the "subflow.” Further
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definition requires "subflow" to be a part of the surrounding
floodplain of the stream basin. Those parts of the alluvial plain
which it may be a part of or which it is connected to must be the
alluvial plain of a perennial or intermittent stream and not an
ephemeral stream or a part of the alluvial plain of a tributary
aquifer even if there is an alluvial connection. Where the
alluvial plain of tributary aquifers or ephemeral streams connects
to the floodplain Holocene alluvium of the stream itself and
provides tributary or basin fill recharge, that tributary aquifer
must also be excluded because its flow direction is different and
often perpendicular to the stream-flow direction.

The evidence here shows that the only true geologic unit
which is beneath and adjacent to the stream is the floodplain
Holocene alluvium. When it is saturated, that part of the unit
qualifies as the "subflow" zone, where the water which makes up the
saturation flows substantially in the same direction as the streanm,
and the effect of any side discharge from tributary aquifers and
basin fill is overcome or is negligible. Because low-flow streams
like the San Pedro meander back and forth in a series of "S" curves
within a wider principal or dynamic channel, flow direction must be
the general overall direction of the strean. As Steve Erb
testified, as long as the subflow's direction is within 45 degrees
of that general stream flow direction, the flow direction
requirement is met.

If we add the following additional criteria, then even
more certainty and reliability is provided. First, the water level
elevation of the "subflow" zone must be relatively the same as the
stream flow's elevation. Second, the gradient of these elevations
for any reach must be comparable with that of the levels of the
stream flow. Third, there must be no significant difference in
chemical composition that cannot be explained by some local
pollution source which has a limited effect. Fourth, where there
are connecting tributary aquifers or floodplain alluvium of
ephemeral streams, the boundary of the "subflow" zone must be at
least 200 feet inside of that connecting zone so that the
hydrostatic pressure effect of the side recharge of this tributary
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aquifer is negligible and the dominant direction of flow is the
stream direction. Fjifth, where there is a basin-fill connection
between saturated zones of the floodplain Holocene alluvium and a
saturated zone of basin fill, the boundary of the "subflow" zone
must be 100 feet inside of the connecting zone so that the
hydrostatic pressure effect of the basin-fill's side discharge is
overcome and the predominant direction of flow of all of the
"subflow" zone is the same as the stream's directional flow. The
different distances used to overcome the side pressure of the
tributary aquifer and basin fill are based on the testimony of
Steve Erb given on February 14, 1994 and the different rates of
permeability and transmissivity of the different geological units.
Appendix Q attached is a copy of exhibit 266 received at trial
which represents the best illustration of the relationship of the
"subflow" within a reach of floodplain alluvium and basin fill.
Appendix R attached shows the relationship of the saturated stream
alluvium of the San Pedro and its two tributaries, the Bobocamari
and the Aravaipa, to the entire basin of the San Pedro.

The weight of the evidence points to the saturated
floodplain Holocene alluvium as the most credible "subflow" zone.
Its lateral and vertical limits have existed for some 10,000 or
more years. It has far more stability of location than any other
proposal including the principal channel which changes
approximately every three years, or the post-1880 depositional
layer which is really "post-1937" at best, or "post-1955" as
indicated in the Hereford Report (exhibit 190 page 8).

It may be true that the surface of the latest layer of
deposition resulting from the January 1993 flood is more permeable
than the overall permeability of the entire Holocene. But, as
Ford, Page, Gookin and Erb testified, and all the drill log results
show, there is no significant difference in permeability between
the post-1937 layer and the balance of the Holocene. Even the
claims by the groundwater users of cementation in the Holocene do
not stand up. Not a single drill log supports it. All the claims
of the use of the wrong drilling bit do not support it. Even Dr.
Montgomery's Report of October 2, 1987 refutes it. While there may
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be some evidence of cementation in certain layers, there is no
evidence it is unit-wide, or that it makes any significant
difference in permeability or transmissivity. Therefore,
regardless of claims to the contrary, the weight of this evidence
supports the saturated floodplain Holocene alluvium as the
"subflow" zone.

“CONES OF DEPRESSION"

"In re Gila," page 391 of 175 Ariz., describes a "cone of
depression" as the "funnel-shaped area around a well, where the
water table has been lowered by the withdrawal of groundwater
through the well."” That clinical description of a "cone of
depression" tells us little of the destructive ability of wells
upon basin and range streams in a desert or semi-desert environment
such as the Santa Cruz River and the San Pedro River.

on February 1, 1994 Dr. Maddock discussed the "cone of
depression"” in the Sierra Vista area. He referred to it as
"notorious."” His computer modeling predicted that 37% of the water
which comes from the well systems which serve the area comes out of
the San Pedro which is either in the stream or on the way to the
stream. He estimated the latter portion to be 1%. Exhibit 163 in
evidence is his illustration of how the "cone of depression" in
that area has grown since 1968. It clearly shows and the testimony
was that the "cone" is in excess of five miles. A copy of Dr.
Maddock's exhibit is attached as Appendix S. In his opinion, the
wcone of depression® has clearly intersected the stream.

Mr. Erb testified on February 15 that the Tenneco
agricultural wells, shown on exhibit 271 in evidence, which
location runs from the border twenty miles north, were shut down in
the mid-1980s when Tenneco sold its holdings to the BIM for the
creation of the San Pedro River National Conservation Area. The
drawdown of these wells had turned some parts of the river in this
area from perennial to intermittent, and some sections were even
ephemeral. After more than eight years of shut down, only one mile
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of the river is now more perennial than before. On our field trip,
however, we found no ephemeral sections and all were at least
intermittent. Local residents explain that the large January 1993
flood created large basin-wide recharge and the higher flows
observed may be the result of that recharge. A copy of exhibit 271
is attached as Appendix T showing the relationships of the wells in
the area to the river. The wells adjacent to the areas of
discontinued irrigation are the former Tenneco wells.

What these facts show is that "cones of depression" have
long-term effects even after the wells are shut down. Two recent
Colorado cases make that clear. Danielson v. Castle ows, 791
P.2d 1106 (Colo. 1990) and State Engineer v. Castle 6 Meadows, 856,
P.2d 406 (Colo. 1993) discuss the long-term effect of post-pumping
depletion. In the "Danielson" case the trial court had found that
post-pumping depletions could continue up to and after 200 years.
In the remanded trial which took place in 1991, the trial court
found the post-pumping depletions could continue up to and after
400 years. In both cases the Colorado Supreme Court found that
these post-pumping depletions had to be remedied by the pumps to
protect surface water users under COLO. REV. STAT. § 37-90-
137(9)(c). In Colorado, augmentation plans, which are approved by
the water decree, are used to remedy possible harm to other
appropriations.

All of the principal witnesses agreed that even wells
located outside of a stream's "subflow"™ could, over time, build up
extensive "cones of depression" which could severely affect the
volume of stream flow and the "subflow" which supported it. Even
Dr. Montgomery agreed the Santa Cruz was a dead river except where
Nogales' effluent created some perennial but polluted flow. This,
all agreed, was the result of overpumping, often outside of
anyone's "subflow" parameters. Often those wells had extensive and
interconnecting "cones of depression." Appendix U, V, W, X, Y and
Z attached, are copies of diagrams from exhibit 1 received in
evidence at trial and illustrate the effects of "cones of
depression.”
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In the "In re Gila" opinion only one paragraph relates to
"cones of depression." It is worth repeating:

"For example, if the cone of depression of a
well has expanded to the point that it
intercepts a stream bed, it almost certainly
will be pumping subflow. At the same time,
however, it may be drawing water from the

surrounding alluvium. Thus, part of its
production may be appropriable subflow and
part of it may not. ve ou

of its production is appropriable water, that
wel shou e_ _include i e
adjudication." (p. 391 of 175 Ariz.) (emphasis
supplied)

The testimony seemed unanimous that consistent with the
Supreme Court's pronouncement, if a "cone of depression" of a well
intercepts what is eventually defined as the "subflow" zone, then
at least some percentage of the water discharged by the well is
water subject to the adjudication. As Montgomery admitted, stream
depletion occurs as soon as the "cone of depression" reaches the
stream, even though it may be some time before the hydraulic
gradient at the river is reversed, and may be many years before a
particle travels from the stream to the well. §See Tr. VI at 14,
49-50. Ford and Page contend that streamflow depletion first takes
place when the cone intersects the stream, not when the hydraulic
gradient is reversed or the molecule of streamflow is ejected by
the well. Tr. I at 47 (Ford); Tr. II at 182 (Page). It is beyond
dispute that even before the gradient is reversed, a measurable
drawdown at the stream's "subflow" zone necessarily results in
water leaving the zone in order to fill the void which has. been
created by the well. Ford's Report, exhibit 1, at 51 [when the
cone intersects the "subflow" zone, it "induce[s] subflow to leave
(deplete the Subflow Zone and the stream")]. This is true even
vhere the gradient has not been reversed everywhere between the
well and the stream. (Ford's Report at 63-67, especially Fig. 9.3
and Table 9.3)
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The groundwater pumpers' position cannot be reconciled
with the Supreme Court's unequivocal conclusion that when a "cone
of depression" is intersecting the streanm bed, it "almost
certainly” is "pumping subflow." Apart from their molecule and
gradient arguments, no serious opposition has been offered to the
approach which was proposed by Ford or Page for handling wells
located outside the "subflow" zone. In fact, there appears to be
substantial agreement on most points.

For example, Montgomery agreed with Ford that various
analytical or modeling methods are appropriate to calculate "cones
of depression." Tr. I at 52 (Ford) ; Ford's Report at 3, 51, ¢c-1 -
C-7; Tr. IV at 18-19 and Tr. VI at 13 (Montgomery). Similarly,
Ford and Montgomery agree that the calculation of the cone should
be based upon the well's entire history of pumping. Tr. I at 52,
54-57 (Ford): Tr. VI at 128-29 (Montgomery). They also agreed that
individual analysis of wells is the most appropriate method to
compute drawdown at the "subflow" zone. Tr. I at 85 (Ford); Ford's
Report, p. 37; Tr. VI at 24 (Montgomery). How this is to be done
must be left to the discretion of ADWR as this Court finds there
was not testimony of how technically certain determinations were to
be made scientifically.

While salt River Project proposes that a drawdown of 0.1
foot be used for purposes of calculating the "cone of depression, "
this Court believes such close measurements are difficult, at best,
in the field. Rather, it believes that whatever test ADWR finds is
realistically adaptable to the field and whatever method is the
least expensive and delay-causing, yet provides a high degree of
reliability, should be acceptable. While several of the experts
arrived at different conclusions, Ford, Page, Montgomery, Erb and
Stephenson all testified to a degree that the Court feels assured
that scientific method is available to determine below-ground
saturation, water level, elevation, gradient, flow direction and
extent of "cones of depression."

The Court finds, subject to any de minimis standard later
to be adopted by the Court, that any well located outside the
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"*subflow" zone that now pumps any percentage of water either from
the stream itself or its "subflow" zone, should be included in the
adjudication and the total amount of water withdrawn subjected to
this proceeding. If we wait until actual water molecules from the
San Pedro River are discharged from the many wells which surround
it but are not in the "subflow" zone, there may not be sufficient
stream flow left to justify this entire adjudication.

PRESUMPTION AND BURDEN OF PROOF

"In re Gila" on page 392 of 179 Ariz. says:

"If DWR uses the proper test and relies on
appropriate criteria for determining whether a
well meets the test, its determination that a
well is pumping appropriable subflow
constitutes clear and convincing evidence. It
is consistent with Arizona 1law, then, to
require the well owner to come forward with
evidence that DWR is wrong."

This Court agrees that the entire process of the adjudication
requires that the independent evaluations of ADWR are entitled to
a presumption in their favor and the property owner or an objector
to a claim supported by an HSR has the duty to come forward with
evidence to overcome that presumption. However, there are
questions in the mind of this Court after hearing long periods of
evidence over the last fourteen years. They are whether the
quality of geologic or hydrologic opinion, the frequent lack of
data, and the many assumptions which cannot be fully proven support
a requirement that the property owner or objectors should have to
overcome a clear and convincing level of burden of proof. Every
expert who has attempted to develop opinions as to "cones of
depression" often relies on assumptions which are not provable or
are only partially provable. The conflicts between Montgomery,
Schumm, Ford, Page and Erb in that specific area raise real concern
as to the fairness of raising the evidentiary level of burden of
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proof to clear and convincing for a property owner or objector to
overcome a DWR opinion in an HSR. Even if we eliminate many of our
pro per claimants with a proper de minimis rule, this is probably too
formidable a barrier for the remainder of those pro per parties. It
is often too much for represented parties of modest wealth. Only
when we get to parties such as the mines, United States, Salt River
Project, the State of Arizona and cities of major size are there
sufficient assets to fund such evidentiary battles. At least in
the area of "cones of depression®™ a burden of proof of
preponderance seems fairer. The same is probably also true in the
area of a "subflow" zone determination.

CONCLUSION

The issues here are geologically, hydrologically and
factually complex. While courts often deal with complex issues,
reviewing appellate courts sometimes are unable to glean from the
briefs little more than a summary of the complex evidentiary
background and the scientific principles which led to the trial
court's decision. To overcome this limitation in this proceeding,
this Court believes it has a duty to provide as much detail as it
can to explain the factual decisions made, the scientific
principles relied on, as well as to provide copies of many of the
exhibits considered. It has done that here.

Finally, the 1length and complexity of this decision
requires a summarization of the Court's findings as to "subflow"
and dealing with "cones of depression.™

1. A "subflow" zone is adjacent and beneath a perennial
or intermittent stream and not an ephemeral stream.

2. There must be a hydraulic connection to the stream
from the saturated "subflow" zone.
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3. Even though there may be a hydraulic connection
between the stream and its floodplain alluvium to an adjacent
tributary aquifer or basin-fill aquifer, neither of the latter two
or any part of them may be part of the "subflow" zone.

4. That part of the floodplain alluvium which qualifies
as a "subflow," beneath and adjacent to the stream, must be that
part of the geologic unit where the flow direction, the water level
elevations, the gradations of the water level elevations and the
chemical composition of the water in that particular reach of the
stream are substantially the same as the water level, elevation and
gradient of the strean.

5. That part of the floodplain alluvium which qualifies
as a "subflow" zone must also be where the pressure of side
recharge from adjacent tributary aquifers or basin fill is so
reduced that it has no significant effect on the flow direction of
the floodplain alluvium. (i.e., a 200-foot setback from connecting
tributary aquifers and a 100-foot setback from the basin-fill
deposits).

6. Riparian vegetation may be useful in marking the
lateral limits of the "subflow" zone particularly where there is
observable seasonal and/or diurnal variations in stream flow caused
by transpiration. However, riparian vegetation on alluvium of a
tributary aquifer or basin fill cannot extend the limits of the
"subflow" zone outside of the lateral limits of the saturated
floodplain Holocene alluvium.

7. All wells located in the lateral 1limits of the
"subflow" zone are subject to the jurisdiction of this adjudication
no matter how deep or where these perforations are located.
However, if the well owners prove that perforations are below an
impervious formation which preclude "drawdown" from the floodplain
alluvium, then that well will be treated as outside the "subflow"
zone.
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8. No well located outside the lateral limits of the
"subflow" 2zone will be included in the jurisdiction of the
adjudication unless the "cone of depression" caused by its pumping
has now extended to a point where it reaches an adjacent "subflow"
zone, and by continual pumping will cause a loss of such "subflow"
as to affect the quantity of the stream.

Dated this 30th day of June, 1994.

Sl D e & ——

Hon. Stanley Z. Goodfarb /7
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Within an aquifer, the types of material and the
geologic and chemical history determine the number of pores
and open spaces that will exist. When saturated, these voids
determine the volume of water and that will be held in
[storage within the aquifer. However, not all of the water
that is stored within an aquifer is free to be released from
storage. Some water is retained in the voids by molecular
attraction. The amount that will actually be released is of
more concern from a water supply standpoint than the total
volume held. The total volume of recoverable groundwater
held in storage in the regional aquifer within the San Pedro
River watershed to a depth of 1,200 feet below the land
surface is estimated to be approximately 83.5 million acre-
feet. Table 2-1 breaks this value down by subwatershed. The
volume of storage is based on estimated basin fill surface
areas, derived form geographic information, average depths of
the basin fill alluvium, and average specific yield estimates
derived from literature. APPENDIX A describes further the
methodology used in calculating storage estimates.

TABLE 2-1
RECOVERABLE GROUNDWATER HELD IN REGIONAL AQUIFER STORAGE
SAN PEDRO RIVER WATERSHED

GROUNDWATER IN STORAGE

SUBWATERSHED (IN MILLION ACRE-FEET)
Sierra Vista 31.8
Benson 27.1
Redington 13.0
Aravaipa 6.2
Winkelman 5.4

Total 83.5
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San Pedro Watershed Study Transects
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DWR analysis of San Pedro River channel changes from 1935 to 1990.

DWR analyzed the historical aerial photography data base of selected areas of the San
Pedro River watershed to document channel change. Channel change was of two
types, channel shift (avulsion) and channel narrowing. The channel shifts range from O
to approximately 1,200 feet as shown in the following table. Channel narrowing ranges
from -170 (widening) to 970 feet. The channel was defined for this study as the
"sandy wash" described by Dr. Montgomery. The following tables describe the results

of the analysis.

The assessment was conducted by locating identical physical or cultural points on the
east and west side of the San Pedro River on the 1990 and 1935 photography. A
transect line was then drawn to connect the points on each photo. The distance from
each point to the "sandy wash" as well as the width of the wash was measured. The
difference in width of the "sandy wash" defines narrowing and is rounded to the
nearest 10 ft. The shift is defined by the maximum difference in distance from the
point to the wash on each side of the wash. The shift is the absolute value of the

maximum distance and is rounded to the nearest 100 ft.

Photo 1 - Hereford SW (Mexico to Palominas)’

Transect Narrowing Shift

1a -170 500
Photo 2 - Hereford (Palominas to Lewis Spring)’

Transect Narrowing Shift
2a 210 500
2b ‘ 310 700
2c 480 300
2d 100 100

2
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Photo 3 - Lewis Spring (Lewis Spring to Charleston)’

Transect Narrowing Shift
3a 170 400
3b 440 400
3c 400 500
3d 130 100
Photo 4 - Fairbank {Charleston to Fairbank)’
Transect Narrowing Shift
4a 240 200
4b 340 600
Photo 5 - Land (Fairbank to St. David)'
Transect Narrowing Shift
5a 100 100
5b 630 500
5¢ 70 1,000
Photo 6 - Benson (St. David to Pomerene)'
Transect Narrowing Shift
6a 130 200
6b 100 1,200
6¢c 0 700
6d 300 500
3
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Photo 7 - Galleta Flats East (Pomerene to Narrows)'

Transect Narrowing Shift
7a 370 700
7b 200 500
7c 100 100
7d 130 100
Photo 8 - Wildhorse Mnt'

Transect Narrowing Shift
8a 970 900
8b 400 400
8c 200 300
Photo 9 - Clark Ranch (Mammoth area)’

Transect Narrowing Shift
9a 500 400
9b 800 500
9¢c 400 600

all values in feet

Paul L. Sale Property Channel Shift approximately 950 feet as determined from previous
mapping and communication with the property owner.
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DWR San Pedro River Study Transects - Channel Change
TRANSECTS (values in feet)

1a
1935
1990
Difference

2a
1935
1990
Difference

- 2b
1935
1990
-Difference

2c
1935
1990
Difference

2d
1935
1990
Difference

3a
1935
1990
Difference

3b
1935
1990
Difference

3c
1935
1990
Difference

West
1000
1332

332

West
2571
2284

287

West
4432
5088

-656

West
6428
6675

-247

West
4296
4439

-143

West
7605
7302

303

West
7437
7866

-429

West
4609
5139

-530

Channel
366
534
-168

Channel
372
165
207

Channel
472
165
307

Channel
609
132
477

Channel
203
99
104

Channel
303
133
170

Channel
505
66
439

Channel
572
174
398

East TOTAL %
3000 4366
2500 4366
-500

East TOTAL %
3315 6258
3806 6255
-491

East TOTAL %
3518 8422
3111 8364
407

East TOTAL %
3789 10826
4077 10884
-288

East TOTAL %
3518 8017
3452 7990
66

East TOTAL %
5276 13184
5725 13160
-449

East TOTAL %
4812 12754
4647 12579
165

East TOTAL %
706 5887
937 6250
-231
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3d
1935
1990
Difference

4a
1935
1990
Difference

4b
1935
1990
Difference

‘5a
1935
1990
Difference

5b
1935
1990
Difference

5¢
1935
1990
Difference

6a
1935
1990
Difference

6b
1935
1980
Difference

6c

West
908
1012
-104

West
1282
1448

-166

West
4352
4230

122

West
3517
3453

64

West
737
737

West
469
1150
-681

West
2066
1965

101

West
3633
2533
1100

West

Channel
269
135
134

Channel
337
101
236

Channel
472
135
337

Channel
469
369
100

Channel
837
207
630

Channel
569
502
67

Channel
267
133
134

Channel
333
233
100

Channel

East TOTAL %
2086 3263
2193 3340
-107

East TOTAL %
4487 6106
4677 6226
-190

East TOTAL %
5196 10020
5753 10118
-557

East TOTAL %
2814 6800
2850 6672
-36

East TOTAL %
1234 2808
1775 2719
-541

East TOTAL %
4421 5459
3457 5109
964

East TOTAL %
2166 4499
2400 4498
-234

East TOTAL %
800 4766
2000 4766
-1200

East TOTAL %
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1935
1990
Difference

6d
1935
1990
Difference

7a
1935
1990
Difference

7b

‘ 1935
1990

Difference

7Cc
1935
1990
Difference

7d
1935
1990
Difference

8a
1935
1990
Difference

8b
1935
1990
Difference

8c
1935
1990

5500
5684
-184

West
1200
1666

-466

West
3733
3065

668

West
4833
5333

-500

West
5633
5733

-100

West
4300
4433

-133

West
1267
1067

200

West
1567
1933
-366

West
3267
3600

233
233
0

Channel
367
67
300

Channel
500
133
367

Channel
667
467
200

Channel
200
100
100

Channel
266
133
133

Channel
1133
167
966

Channel
500
100
400

Channel
400
200

1533 7266
2200 8117
-667
East TOTAL %
4167 5734
4000 5733
167
East TOTAL %
2233 6466
2933 6131
-700
East TOTAL %
5666 11166
5366 11166
300
East TOTAL %
3833 9666
3833 9666
0
East TOTAL %
666 5232
666 5232
0
East TOTAL %
3833 6233
4733 5967
-900
East TOTAL %
2667 4734
2900 4933
-233
East TOTAL %
2900 6567
2667 6467
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Difference

9a
1935
1990
Difference

9b
1935
1990
Difference

9c
1935
1990
Difference

-333

West
733
1166
-433

West
500
1000
-500

West
667
1233
-566

200

Channel
767
267
500

Channel
1566
766
800

Channel
1066
667
399

233

TOTAL %
3000
3000

East
1500
1567

TOTAL %
4266
4266

East
2200
2500

-300

TOTAL %
5400
5400

East
3667
3500

167

AVG
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TABLE OF REPORTED DISTANCES ALONG 28 TRANSECTS
IDENTIFIED BY ARIZONA DEPARTMENT OF WATER RESOURCES
FROM 1935 AND 1990 AERIAL PHOTOGRAPHS
OF THE SAN PEDRO RIVER

1935 1990
......... DISTANCES (feet)*......... eeev.....DISTANCES (feet)........
TRANSECT

IDENTIFIER X Y 2 TOTAL X Y _Z_ _JovaL_
la 1,000 366 3,000 4,366 1,332 534 2,500 4,366
2a 2,571 372 3,315 6,258 2,284 165 3,806 6,255
2b 4,432 304 3,518 8,254 4,666 165 3,11 7,942
2¢ 6,428 609 3,789 10,826 6,675 132 4,077 10,884
2d 4,296 203 3,518 8,017 4,439 99 3,452 7,990
3a 7,605 303 5,216 13,124 7,302 133 5,742 13,177
3b 7,437 505 4,812 12,754 7,866 66 4,647 12,579
3c 4,543 572 673 5,788 5,139 174 937 6,250
3d 908 269 2,086 3,263 1,012 135 2,193 3,340
4a , 1,282 337 4,487 6,106 1,447 101 4,677 6,225
4b 4,352 472 5,196 10,020 4,230 135 5,753 10,118
Sa 3,517 469 2,814 6,800 3,453 369 2,850 6,672
Sb 737 837 1,239 2,813 737 270 1,775 2,782
5S¢ 469 569 4,621 5,459 1,072 502 3,751 5,325
6a 2,066 267 2,166 4,499 1,965 133 2,400 4,498
6b 3,633 333 800 4,766 2,533 233 2,000 4,766
e 5,500 233 2,533 8,266 5,833 233 2,200 8,266
6d 1,200 367 4,166 5,733 1,666 67 4,000 5,733
7a 3,733 500 2,233 6,466 3,065 133 2,933 6,131
7b 4,833 667 5,666 11,166 5,333 467 5,366 11,166
7c 5,633 200 3,833 9,666 5,733 100 3,833 9,666
7d 4,300 266 666 5,232 4,433 133 666 5,232
8a 1,267 1,133 3,833 6,233 1,067 167 4,733 5,967
8b 1,867 500 2,667 5,034 1,933 100 2,900 4,933
8c 3,267 400 2,900 6,567 3,600 200 2,667 6,667
9a 733 767 1,500 3,000 1,166 267 1,567 3,000
9b 500 1,566 2,200 4,266 1,000 766 2,500 4,266
9c 667 1,066 3,667 5,400 1,233 667 3,500 5,400

* Distances "X", "Y®,6 and "Z" are from ADWR overlays for 1935 and 1990 aerial photographs of the San Pedro
River. Distance "X" is from an index point at the west end of transect to west bank of "Sandy Wash";
distance "Y" is width of "Sandy Wash": and distance "Z" is from east bank of "Sandy Wash" to an index
point at the east end of transect.

yest TYPICAL TRANSECT o
POINT POINT
J

TR

954 \F\TRANSCT2. TAB\06-02-94 Appendix E-8
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DWR analysis of change in riparian habitat along the San Pedro River from 1935 to
1990.

DWR analyzed the historical aerial photography data base of selected areas of the San
Pedro River watershed to document change in the extent of riparian vegetation. The
change in riparian vegetation along the San Pedro River channel varies widely across
the watershed. The magnitude of change is shown in feet along a study transect. The

changes are summarized in the following tables.

DWR used the same general methods as outlined for channel changes. The amount of
riparian change is defined as the sum of riparian change on the west and east sides of
the wash. The riparian change was calculated by subtracting the riparian distance on
the 1990 photos from the riparian distance on the 1935 photos. All values are rounded

to the nearest 100 feet.

Photo 1 - Hereford SW (Mexico to Palominas)’

Transect Riparian Change
1a + 100 ft
Photo 2 - Hereford (Palominas to Lewis Spring)'
Transect Riparian Change
2a + 500 ft
2b -300 ft
2c no change O
2d no change O
5
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Photo 3 - Lewis Spring (Lewis Spring to Charleston)’

Transect Riparian Change
3a -300 ft
3b + 200 ft
3c -100 ft
3d -200 ft

Photo 4 - Fairbank {Charleston to Fairbank)’

Transect Riparian Change
43 -100 ft
4b -500 ft

Photo 5 - Land (Fairbank to St. David)"

Transect Riparian Change
Ba -1900 ft
5b no change O ft
5c -200 ft

Photo 6 - Benson {St.

David to Pomerene)’

Transect Riparian Change
6a + 800 ft
6b + 800 ft
6c + 200 ft
6d -200 ft

Appendix F-2
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Photo 7 - Galleta Flats East (Pomerene to Narrows)’

Transect Riparian Change
7a no change O ft
7b +600 ft
7c -300 ft
7d -500 ft

Photo 8 - Wildhorse Mnt'

Transect Riparian Change
8a + 3100 ft
8b + 1800 ft
8c + 1900 ft

Photo 9 - Clark Ranch (Mammoth area)’

Transect Riparian Change
9a -500 ft
9b + 700 ft
9¢ -500 ft

Copy of the foregoing report
mailed this day of

June, 1994, to all persons

on the Court approved mailing
list dated June 6, 1994
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Upper San Pedro River, Arizona
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Figure 1. The study area in southeast Arizona. Field studies were undertaken in the river valley between
Hereford and just north of Clifford Wash.
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PHOTOGRAPH 4

SAN PEDRO RIVER MAP 1 (NEAR PALOMINAS) ABOUT 2 MILES
NORTHEAST FROM PALOMINAS, VIEW TOWARD WEST.

Exhibit 69 in envelope.
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PHOTOGRAPH 6

SAN PEDRO RIVER MAP 1 (NEAR PALOMINAS) ABOUT 2 MILES
NORTHEAST FROM PALOMINAS, VIEW TOWARD WEST.

Exhibit 71 in envelope.
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PHOTOGRAPH 7

SAN PEDRO RIVER MAP 1 (NEAR PALOMINAS) ABOUT 1 MILE
SOUTH FROM HEREFORD, VIEW TOWARD SOUTHWEST.

Exhibit 72 in envelope.
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PHOTOGRAPH 11

SAN PEDRO RIVER MAP 5 (NEAR CASCABEL) ABOUT 7 MILES
SOUTHEAST FROM CASCABEL, VIEW TOWARD EAST.

Exhibit 76 in envelope.
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PHOTOGRAPH 12

SAN PEDRO RIVER MAP 6 (NEAR REDINGTON) ABOUT 8 MILES
NORTH FROM REDINGTON, VIEW TOWARD NORTH.

Exhibit 77 in envelope.
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PHOTOGRAPH 13

SAN PEDRO RIVER MAP 7 (NEAR SAN MANUEL) ABOUT 3 MILES
NORTHEAST FROM SAN MANUEL, VIEW TOWARD NORTHWEST.

Exhibit 78 in envelope.
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PHOTOGRAPH 14

SAN PEDRO RIVER MAP 7 (NEAR SAN MANUEL) ABOUT 1 MILE
SOUTH FROM MAMMOTH, VIEW TOWARD NORTHEAST.

Exhibit 79 in envelope.
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EXTENT OF ENTRENCHMENT OF SAN PEDRO RIVER
VICINITY OF POMERENE CANAL COMPANY DAM

T.17S., R.20-21E.

W O
| 1035 CHANNEL

-

EDGE OF SATURATED STREAM ALLUVIUM '
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EXTENT OF ENTRENCHMENT OF SAN PEDRO RIVER
VICINITY OF AWDR EXHIBIT 260

T.14-15 S., R.20E.
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FIGURE 7

Pre -
Post- entrenchment entrenchment
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LATERAL CHANNEL MIGRATION IN THE SAN
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Drawdown since substantial pumping started in 1940
(model predicted)
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Discontinued Irrigation within SPRNCA
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Well /

Water Table - (Static Water ] evel—

Unconfined Aquifer

1

I 1B

CONE OF DEPRESSION AND DRAWDOWN

FIGURE 4.1

CD Leonard Rice Consulting Water Engineers, Inc. 20
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Radius of the Cone
of Depression

B>

—J—

High Transmissivity Cone
of Depression - Large radius
and shallow

Well 1 /

.

Low Transmissivity Cone
of Depression - Small radius
and deep

\ Well 2

— High Transmissivity —— Low Transmissivity

CONES OF DEPRESSION FOR HIGH AND LOW
TRANSMISSIVITY AQUIFERS

® Leonard Rice Consulting Water Engineers, Inc.

FIGURE 4.2
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N R e S Wa b T
- / / Recharge from Stream
-1 Cone of
Depression
Well —
— Ground Surface
R I Potentiometric Surface - (Static Water Level) | oo
i
" TR
Confining Zone
. RS AERERAL
i \ \ \ / / / Top of Aquifer
Recharge from overlying zones
Artesian Aquifer
Wi — %
SOURCES OF RECHARGE TO AQUIFERS
FIGURE 4.3

® Leonard Rice Consulling Waler Engineers. Inc.

23
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Well 1 / \Well 2

1l i I

—— Coneof Well1 —— Cone of Well2 ---- Combined Cone

» NOTE: TOTAL DRAWDOWN AT ANY POINT IS THE SUM OF THE
DRAWDOWNS FOR EACH WELL.

DRAWDOWN THAT RESULTS WHEN CONES OF DEPRESSION OVERLAP
FIGURE 4.6

® Leonard Rice Consulting Water Engineers, Inc. 27
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—— ConeofWell1 —— Coneof Well2 ---- Combined Cone

NOTE: TOTAL DRAWDOWN AT ANY POINT IS THE SUM OF THE
DRAWDOWNS FOR EACH WELL.

GROUND WATER DIVIDE BETWEEN TWO WELLS
FIGURE 4.7

® Leonard Rice Consulting Water Engineers. Inc. 23
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Cone of Depression Well-B

Cone of Depression Well-A

il Ground Water Divide

a

l}]i Map View

)
Note: ‘ !
Flowlines show how Depletion l
from Stream Flows to each Well.

Overlapping Cones of Depression Near a Stream

Figure 4.10
32

® Leonard Rice Consulting Waler Engineers, Inc.
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SUPREME COURT OF ARI ZONA

N RE THE GENERAL ADJUDI CATI ON
OF ALL RIGHTS TO USE WATER I'N
THE G LA R VER SYSTEM AND SOURCE

N N N N N N N N N N N N N N N

The Honorable Stanley Z. Goodfarb, Judge (Retired)

AFFI RVED

Suprene Court

Nos. WC-90-0001-1 R,

WC- 90- 0002- I R,
WC- 90- 0003- I R,
WC- 90- 0004- | R,
WC- 90- 0005- I R,
WC- 90- 0006- | R,
WC- 90- 0007- 1 R,
WC- 79- 0001,
WC- 79- 0002,
WC- 79- 0003,
WC- 79- 0004.

Fennenore Craig, P.C.
By: Janes W Johnson
Lauren J. Caster
Jeffrey C. Thacker
Ti not hy Berg

Phoeni x

Attorneys for Cyprus Climx Metals Conpany and its Subsidiaries
Cyprus Mam M ning

Cyprus Christmas M ne Corporati on,

Cor poration, Cyprus Pima M ning Corporation,

Corporation, and Cyprus Twin Buttes Corporation

Snell & Wlner, L.L. P
By: Robert B. Hoffman
Carl os D. Ronst adt
Jeffrey W Crockett
Attorneys for Magma Copper Conpany

Apker, Apker, Haggard & Kurtz, P.C

By: Burton M Apker
Gerrie Apker Kurtz
Attorneys for ASARCO I ncor por at ed

Cyprus Sierrita

Phoeni x

Phoeni x


Arizona Supreme  Arizona Supreme


Ellis, Baker & Porter, Ltd. Phoeni x
By: WIIliam D. Baker
Paul R O ne
Attorneys for Central Arizona Irrigation and Drainage D strict,
Maricopa-Stanfield Irrigation & Drainage District, and New Magma
Irrigation & Drainage District

Janet Napolitano, Arizona Attorney Ceneral Phoeni x
By: Charlotte Benson
Joseph E. difford
Mary Mangotich Giier
Attorneys for State of Arizona

Brown & Brown Pi net op
By: David A Brown
M chael J. Brown
Attorneys for Little Col orado Water Association and St. David
Irrigation District

Broeni ng, Cberg & Wods Phoeni x
By: Marilyn D. Cage
Attorneys for the Gty of Goodyear

Ryl ey, Carlock & Appl ewhite Phoeni x
By: (George Read Carl ock
M chael J. Brophy
Sheryl A. Tayl or
Attorneys for Roosevelt Water Conservation District and Arizona
Publ i c Servi ce Conpany

Lewi s and Roca Phoeni x
By: Tom Gal braith
Randal I H. Warner
Attorneys for Pal oma I nvestnment Limted Partnership

Apker, Apker, Haggard & Kurtz, P.C Phoeni x
By: Jerry L. Haggard
Cynthia M Chandl ey
Attorneys for Phel ps Dodge Corporation

M chael B. House, Tucson Gty Attorney Tucson
By: Loretta Hunphrey
Attorneys for City of Tucson



O Connor, Cavanagh, Anderson, Wstover, Killingsworth & Beshears,

P. A Phoeni x
By: Ral ph E. Hunsaker

Attorneys for Church of Jesus Christ of Latter-day Saints

Burch & Cracchiolo, P.A Phoeni x
By: Daryl Manhart
Edwi n C. Bul |

Attorneys for Roosevelt Irrigation District

Gal | agher & Kennedy, P.A Phoeni x
By: Dalva L. Moellenberg
D. Lee Decker
Attorneys for Apache Nitrogen Products, Inc. and Arizona Rock
Products Associ ation

Ronal d N. Rovey Sedona
Attorney for Verde Valley d aimants

Arizona Public Service Conpany Phoeni x
By: Shiela B. Schm dt
Attorney for Arizona Public Service Conpany

Meyer, Hendricks, Victor, Osborn & Mal edon, P.A Phoeni x
By: Lee A Storey
Joan S. Burke
Attorneys for Ro Rico Properties, Inc.

Strickland & O Hair, P.C Tucson
By: Jennele Morris O Hair

Attorneys for Cties of Sierra Vista, Benson, and d obe; Towns of

Manmot h and Patagonia; and Gla Valley Irrigation District and

Franklin Irrigation District

Martinez & Curtis, P.C. Phoeni x
By: WIlliamP. Sullivan

Attorneys for Town of Wckenburg, Arlington Canal Conpany, Bella

Vi sta Ranches Limted Partnership, Bella Vista Water Conpany,

Inc., Cortaro Water Users’ Association, Cortaro-Marana Irrigation

District, Pima County, Town of Gl bert, and Val encia Water

Conpany, |Inc.

Jenni ngs, Strouss & Sal non, P.L.C Phoeni x
By: M Byron Lew s
John B. Wel don, Jr.
St ephen E. Crofton



Attorneys for Salt River Project Agricultural |nprovenent and
Power District, and Salt River Valley Water Users’ Association

United States Departnent of Justice Washi ngton, D.C.
By: Lois J. Schiffer
Robert L. Kl arqui st
David C. Shilton
Gary B. Randal
F. Patrick Barry
Attorneys for United States

Cox and Cox Phoeni x
By: Alfred S. Cox
Al an S. Cox
and
Rodney B. Lew s Chandl er

Attorneys for Gla R ver Indian Coomunity and Silas Kisto

Chandl er, Tullar, Udall & Redhair Tucson
By: Stephen B. Wat her spoon
Attorneys for The Nature Conservancy

Sparks & Siler, P.C. Scot t sdal e
By: Joe P. Sparks
John H Ryl ey
Kevin T. Tehan
Attorneys for San Carl os Apache Tri be, Tonto Apache Tribe, and
Yavapai Apache Tri be

Roderick G MDougall, Phoenix Gty Attorney Phoeni x
By: M Janes Call ahan
Attorneys for City of Phoenix

Ofice of the Tenpe City Attorney Tenpe
By: David R Merkel
Karen S. Gaylord
Attorneys for City of Tenpe

Riney B. Salnmon I, P.C Phoeni x
By: Riney B. Salnon I

Attorney for Maricopa County Minicipal Water Conservation

District No. 1 and San Carlos Irrigation & Drainage District

John S. Schaper Phoeni x
Attorney for Buckeye Irrigation Conpany and Buckeye \Water
Conservation and Drai nage District
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Urich & Anger, P.C Phoeni x
By: WIIliamH Anger
Paul G Urich
Attorneys for the Cties of Chandler, dendale, Mesa, and
Scot t sdal e

PEL ANDER Judge.

11 Thi s appeal again presents the second of six issues on
which we granted interlocutory review in the Gla River genera
streamadj udi cation. The facts and procedural history of this case
are set forth in detail in In re the General Adjudication of Al

Rights to Use Water in the Gla River Systemand Source, 175 Ari z.
382, 384-86, 857 P.2d 1236, 1238-40 (1993) (“Gla River 11”), and
inlnre Rights to the Use of the Gla R ver, 171 Ariz. 230, 232-
33, 830 P.2d 442, 444-45 (1992) (“Gla River 1”). In short, the
primary issue we consider here is whether, after remand in Gla
River 11, the trial court properly determ ned what underground
wat er constitutes “subflow of a surface stream thus making it

appropriable under AR S. § 45-141(A) .1

!Section 45-141(A), A R S., states:

The waters of all sources, flowng in
streans, canyons, ravines or other natural
channel s, or in definite underground channel s,
whet her perennial or intermttent, flood,
waste or surplus water, and of |akes, ponds
and springs on the surface, belong to the
public and are subject to appropriation and
beneficial use as provided in this chapter.

5



12 Based on its consideration of extensive evidence
presented on remand, including the opinions of nultiple experts,

the trial court defined “subflow as the “‘saturated fl oodplain
Hol ocene al | uvi um "2 because “[t] he wei ght of the evi dence” pointed
to that geol ogical unit “as the nost credible ‘subflow zone.” W
conclude, and the parties conceded at oral argunment, that the
record reasonably supports that central finding as well as the
trial court’s related findings. W further conclude that the trial

court’s ruling is not invalidated by this court’s prior decisions
relating to subflow. See Gla River Il; Mricopa County Mun. Water
Conservation Dist. No. One v. Southwest Cotton Co., 39 Ariz. 65, 4
P.2d 369 (1931). Finally, the ruling conports wth hydrol ogi ca

reality as it is currently understood. See In re the Genera

Adj udi cation of Al Rights to Use Water in the Gla River System
and Source, 195 Ariz. 411, 19, 989 P.2d 739, 19 (1999) (“Gla River
[11”). For these reasons, we affirmthe trial court’s order inits

entirety.

> Hol ocene” refers to the Hol ocene epoch, which is that part
of the Quaternary period that covers approxi mately the nost recent

10, 000 years. During that tinme franme, floods caused rivers to
carry and deposit certain nmaterials that originated fromerosion of
bedrock and basin fill deposits. The “Hol ocene alluvium” also

referred to as the younger or floodplain alluvium 1is the
sedinmentary material in a river valley that resulted from that
process. See Anmerican Ceological Institute, G ossary of GCeol ogy
17, 301 (Julia A Jackson, ed., 1997).
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l. GENERAL PRI NCI PLES OF SUBFLOW

13 In Gla Rver 1I, we explained the inportance of
di sti ngui shi ng bet ween groundwat er and surface water. 175 Ariz. at
386, 857 P.2d at 1240. Essentially, our bifurcated system of
allocating water rights differentiates groundwater users from
surface water users. By statute, surface water is subject to the
doctrines of prior appropriation and beneficial use. See A RS
88 45-141(A), 45-251(7). Percol ati ng groundwater, on the other
hand, is not appropriable and may be punped by the overlying
| andowner, subject to the doctrine of reasonable use, Gla River
I, 175 Ariz. at 386, 857 P.2d at 1240; Bristor v. Cheatham 75
Ariz. 227, 255 P.2d 173 (1953), and the federal reserved water
rights doctrine discussed in Gla River I11.

14 The boundary between surface water and groundwater i s not
at all clear. Most surface streans not only fl ow above the ground
but also have “subflow.” As the parties correctly point out,
“subflow’ is not a scientific, hydrological term But for al nost
seventy years, this court has defined “subflow,” for |egal
pur poses, as “those waters which slowy find their way through the
sand and gravel constituting the bed of the stream or the |ands
under or inmmediately adjacent to the stream and are thenselves a
part of the surface stream” Southwest Cotton, 39 Ariz. at 96, 4

P.2d at 380. See also Gla Rver Il, 175 Ariz. at 390 n.9, 857

7



P.2d at 1244 n.9, quoting Black’s Law Dictionary 1425 (6th ed.
1990); 2 desson S. Kinney, A Treatise on the Lawof Irrigation and
Water Rights § 1161, at 2106-07 (2d ed. 1912) (“subflow’ is “the
broad and deep subterranean volunme of water which slowmy flows
t hrough the sand and gravel underlying nost, if not all, of the
streans which traverse the country adjacent to the nountain systens
of the arid region”).

15 As we noted in Gla River IIl, “[t]he notion of ‘subflow
is significant in Arizona law, for it serves to mark a zone where
wat er punped froma well so appreciably di m ni shes the surface fl ow
of a streamthat it should be governed by the sane | aw t hat governs
the stream” 195 Ariz. 411, 98, 989 P.2d 739, 8. In addition,
“subflow’ is “probably nmuch greater in volunme in sone cases than
the water upon the surface, and [is] . . . a valuable portion of
the well -defined surface stream” Kinney, supra at 2107. Because
subflow is considered part of +the surface stream it s
appropriable as such under 8§ 45-141(A). See Gla Rver 11, 175
Ariz. at 387, 857 P.2d at 1241. See also Gla River I1I, 195 Ari z.
411, 18, 989 P.2d 739, 8. Under Arizona’s bifurcated system of
managi ng surface and groundwater, the concept of subflow serves to
protect appropriable surface water rights against interference

caused by the punping of groundwater. Because water is a very



precious and limted comodity in Arizona, nuch turns on how
“subflow’ is determ ned.

16 Underground waters are presuned to be percolating and,
t herefore, not appropriabl e as subflow. Sout hwest Cotton, 39 Ariz.
at 85, 4 P.2d at 376. One who asserts that underground water is a
part of a streamis subflow nmust prove that fact by clear and
convincing evidence. 1d. “If [the Departnment of Water Resources
(DWR)] uses the proper test and relies on appropriate criteria for
determ ning whether a well neets the test, its determ nation that
a well is punping appropriable subflow constitutes clear and
convincing evidence.” Gla Rver Il, 175 Ariz. at 392, 857 P.2d at
1246. Thus, it is critical that any test used for determ ning the
boundaries of a subflow zone be as accurate and reliable as
possi bl e. O herwi se, use of an inaccurate test to determ ne
whet her a well is punping subflow would not satisfy the clear and
convincing evidentiary standard and would inproperly shift the
burden to the groundwater user to showthat its well is not punping
subflow. See id. at 388-89, 857 P.2d at 1242-43.

1. G LA RIVER I |

17 In Gla River Il, we considered whether the trial court
had erred “in adopting its 50% 90 day test for determ ning whet her
underground water is ‘appropriable’ under AR S. 8§ 45-141." 175

Ariz. at 386, 857 P.2d at 1240. Under that test, a well would be



presuned to be punping appropriable subflow if “the volune of
streamdepl eti on woul d reach 50%or nore of the total vol une punped
during . . . [a] period of wthdrawal [that] is equivalent to 90
days of continuous punping for purposes of technical calculation.”
Id. at 385, 857 P.2d at 1239. Holding that “the 50% 90 day test
for identifying wells presuned to be punping subflow is
i nconsi stent with Southwest Cotton and should not be used,” id. at
392, 857 P.2d at 1246, we vacated that portion of the trial court’s
order and remanded the case for the court “to take evi dence and, by
applying the principles contained in [the Gla River Il] opinion
determne the criteria for separating appropriable subflow from
percol ating groundwater.” Id. at 394, 857 P.2d at 1248.
18 In so holding, we reaffirmed the principles set forth in
Sout hwest Cotton, noting that our role was to interpret, not to
expand or in any way change, the holdings in that case. 1|d. at
389, 857 P.2d at 1243. The Sout hwest Cotton court observed that,
“[1]n alnost all cases the so-called subflow is found within, or
i mredi atel y adj acent to, the bed of the surface streamitself.” 39
Ariz. at 97, 4 P.2d at 381. The court articulated the follow ng
test for determ ning whether a well is punping subflow

Does drawi ng of f the subsurface water tend to

di m ni sh appreciably and directly the flow of

the surface strean? If it does, it is subflow,

and subject to the sane rul es of appropriation
as the surface streamitself; if it does not,
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then, although it may originally come fromthe
waters of such stream it is not, strictly
speaking, a part thereof, but is subject to
the rules applying to percolating waters.
ld. at 97, 4 P.2d at 380-81.
19 In Gla River I, we adhered to that test and reaffirned

what we described as “Southwest Cotton’s narrow concept of
subflow.” 175 Ariz. at 393, 857 P.2d at 1247. W rejected the
trial court’s 50% 90 day test in part because of the potential
that, under that test, all wells in an alluvial valley could be
said to be punping appropriable subflow. Id. at 391, 393, 857 P.2d
at 1245, 1247. The 50% 90 day test was “broad enough to include
al | underground water hydraulically connected to a surface stream?”
Id. at 391, 857 P.2d at 1245. Thus, the test was “at odds with
Sout hwest Cotton’s statenent that subflow is found wthin or
i mredi ately adjacent to the streambed.” 1d.
110 We di scussed that problem at some length in Gla River
1. See 175 Ariz. at 390-92, 857 P.2d at 1244-46. Specifically,
the 50% 90 day test did not distinguish between wells punping
groundwater from tributary aquifers and those punping actual
subflow of the river. Tributary aquifers are

those waters which infiltrate their way

t hrough the adjoining ground to sone surface

wat er course or other body of surface water.

These waters differ from the [sub]flow of

surface streans in the fact that they have not
yet reached the channels of the water courses

11



to which they are tributary; while, upon the

ot her hand, the [sub]flow of surface streans

ha[ s] reached these channel s and are therefore

dealt with as conponent parts of such streans.
Ki nney, supra § 1193, at 2162 (footnotes onm tted) (enphasis added).
See also Gla River Il, 175 Ariz. at 389 n.7, 857 P.2d at 1243 n.7
(“A tributary aquifer is an aquifer having a direct hydraulic
connection with a streamor wth another aquifer that has such a
connection.”). Water in underground tributary aquifers is not a
part of the surface streamand may not be consi dered subflow. See
Gla River II, 175 Ariz. at 391, 857 P.2d at 1245 (noting that,
under Sout hwest Cotton, subflow and tributary groundwater are “two
different classes of underground water. The former is subject to
appropriation . . . ; the latter is not.”). But, “[g]iven enough
time, and with certain exceptions, all extractions froma tributary
aquifer will cause a nore-or-less corresponding depletion from
stream flow volume.” [Id. Thus, under the 50% 90 day test, the
wat er i n underground tributary aqui fers woul d have been i ncl uded as

subflow if the volune and tinme requirenents were net, even though

that water is specifically excluded under Sout hwest Cotton.

111 The arbitrariness of the 50% 90 day test al so i nfluenced
our decision in Gla River Il. Id. at 392, 857 P.2d at 1246. W
stated that “[w] hether a well is punping subflow does not turn on

whet her it depletes a stream by sone particular anmount in a given
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period of tinme. . . . [I]t turns on whether the well is punping
wat er that is nore closely associated with the streamthan with the
surrounding alluvium” 1d. W also suggested that a proper test
m ght conpare “such characteristics as elevation, gradient, and
per haps chem cal makeup” of the surface stream and underground
water. 1d. In addition, “[f]low direction can be an indicator
If the water flows in the sane general direction as the stream it
is nore likely related to the stream”™ 1d.

112 In sum we rejected the trial court’s 50% 90 day rule
because it conflicted with Southwest Cotton and arbitrarily set
time and volunme limts rather than determ ning the nature of the
wat er bei ng punped. Id. at 391-92, 857 P.2d at 1245-46. In
contrast, as di scussed below, the order at issue here resulted from

the trial court’s exhaustive effort, based on application of the

pertinent factors set forthin Gla River Il, to determ ne “whet her
the well is punping water that is nore closely associated with the
streamthan with the surrounding alluvium” Id. at 392, 857 P.2d
at 1246.

(N PROCEEDI NGS AND ORDER AFTER REMAND

113 On remand, the trial court held a ten-day evidentiary
hearing, during which ten experts in the fields of geology and
hydr ol ogy testified. The court also spent two days traveling

al nost 600 mles in the San Pedro River basin. A “large nunber of
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counsel” and several experts acconpanied the court on that trip.
At each of the thirteen sites visited, each expert was allowed to
expl ain the geol ogy and hydrology of the site. 1In its order, the
trial court noted that a transcript prepared fromaudi o tapes nade
on the trip “is 258 pages because at nearly every site discussion
was | engthy, often at odds, and sonetines heated.” |In addition
statenments were taken from several long-tine residents of the
val l ey “who were witnesses to facts of historical significance with
regard to the river.” Four nonths after the field trip, the trial
court held a two-day suppl enental evidentiary hearing, the purpose
of which was to evaluate “any changes in the |ocation or size of
t he principal channel of the river or the riparian vegetation areas
adj acent to the river,” as shown in aerial photographs taken fifty-
five years apart.
114 In its order after remand, the trial court stated:

[T] his Court has reviewed all of the testinony

given, all of the exhibits, participated fully

inthe field trip and read all of the briefs.

It al so re-exam ned the testinony and exhibits

of the 1987 evidentiary hearing on the

rel ati onship of groundwater to surface water.

It finds a sufficient foundation of facts

needed to rule on the issues presented.
The conprehensi ve, detailed order itself confirns those statenents.

It is sixty-six pages long, with thirty-six additional pages of

exhibits. The order and the record as a whole clearly reflect that
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the trial court allowed the parties to fully present evidence and
to advocate their positions and thoughtfully considered the conpl ex
i ssues presented here.?
| V. DI SCUSSI ON

A Definition of subflow zone
115 Al t hough “subflow is a purely legal, not scientific
term defining its boundaries is not only difficult at best but
also turns ultimately on resolution of factual questions. W, of
course, nust defer tothe trial court’s factual findings as | ong as
the record supports them See Ariz. R Cv. P. 52(a), 16 AR S
(“Findings of fact . . . shall not be set aside unless clearly
erroneous, and due regard shall be given to the opportunity of the
trial court to judge the credibility of witnesses.”); Scottsdale
Unified Sch. Dist. No 48 v. KPNX Broadcasting Co., 191 Ariz. 297,
20, 955 P.2d 534, 120 (1998).
116 The trial court’s order describes in detail the evidence
presented at the hearings and fully explains the reasons for its
conclusions. Mreover, the record reflects that the court based

its ruling on eval uation of the pertinent factors set forthin Gla

3The record includes not only transcripts of the evidentiary
heari ngs, but also nunerous reports, drawi ngs, charts, and other
exhi bits.
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River Il for delineating the subflow zone. For exanple, the order

states:

After consideration of flow direction, water
| evel el evation, the gradation of water |evels
over a streamreach, the chem cal conposition
if available, and lack of hydraulic pressure
fromtributary aquifer and basin fill recharge
whi ch i s perpendicular to streamand “subfl ow
direction, the Court finds the nobst accurate
of all the nmarkers is the edge of the
saturated fl oodpl ain Hol ocene all uvi um

117 The trial court found that the younger Hol ocene al |l uvi um
“Is the only stable geologic unit which is beneath and adj acent to
nost rivers and streans, except those in the nountains where
bedrock surrounds the flow” The court then el aborated:

Also, in order to fulfill the definition
of “subflow,” the geologic wunit nust be
saturated because of the need for a hydraulic
connection between the stream and the
“subfl ow.” Further definition requires
“subflow’ to be a part of the surrounding
fl oodplain of the stream basin. Those parts
of the alluvial plain which it my be a part
of or which it is connected to nust be the
alluvial plain of a perennial or intermttent
stream and not an epheneral stream or a part
of the alluvial plain of a tributary aquifer
even if there is an alluvial connection.
Where the alluvial plain of tributary aquifers
or ephener al streans connects to the
fl oodpl ai n Hol ocene alluvium of the stream
itself and provides tributary or basin fill
recharge, that tributary aquifer nust al so be
excluded because its flow direction is
different and often perpendicular to the
stream fl ow direction

16



The evidence here shows that the only
true geologic wunit which is beneath and
adjacent to the stream is the floodplain
Hol ocene alluvium Wen it is saturated, that
part of the unit qualifies as the “subflow
zone, where the water which nakes up the
saturation flows substantially in the sane
direction as the stream and the effect of any
side discharge from tributary aquifers and
basin fill is overconme or is negligible.
Because lowflow streans |like the San Pedro
nmeander back and forth in a series of “S
curves within a wder principal or dynamc
channel, flow direction nust be the general
overall direction of the stream As [DWR
expert] Steve Erb testified, as long as the
subflow s direction is wthin 45 degrees of
that general stream flow direction, the flow
direction requirenent is net.

If we add the followng additiona
criteria, then even nore certainty and
reliability is provided. First, the water
| evel el evation of the “subflow zone nust be
relatively the same as the stream flow s
el evati on. Second, the gradient of these
el evations for any reach nust be conparable
with that of the levels of the stream flow.
Third, there nust be no significant difference
in chem cal conposition that cannot be
expl ai ned by sone | ocal pollution source which
has a limted effect. Fourth, where there are
connecting tributary aquifers or floodplain
al I uvi um of epheneral streans, the boundary of
the “subflow zone nust be at |east 200 feet
i nside of that connecting zone so that the
hydrostatic pressure effect of the side
recharge of this tributary aquifer is
negligi ble and the dom nant direction of flow
is the streamdirection. Fifth, where there
is a basin-fill connection between saturated
zones of the floodplain Holocene alluvium and
a saturated zone of basin fill, the boundary
of the “subflow zone nmust be 100 feet inside
of the connecting zone so that the hydrostatic
pressure effect of the basin-fill’s side
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di scharge is overconme and the predom nant
direction of flowof all of the “subfl ow zone
is the sanme as the streams directional
flow.

The wei ght of the evidence points to the
saturated fl oodpl ain Hol ocene alluvium as the

nost credi bl e “subflow zone. Its |ateral and
vertical limts have existed for sone 10, 000
or nore years. It has far nore stability of

| ocation than any ot her proposal includingthe
princi pal channel which changes approxi mately
every three years, or t he post - 1880
depositional |ayer whichis really “post-1937”
at best, or “post-1955" as indicated in the
Her ef ord Report

In sum the trial court conplied with Gla River |l by

applying the factors set forth therein to the various theories

advanced by the parties. The court ultinmately concl uded:

1. A “subflow zone is adjacent [to] and
beneath a perennial or intermttent streamand
not an epheneral stream

2. There nust be a hydraulic connection to
the streamfromthe saturated “subflow zone.

3. Even though there may be a hydraulic
connection between the stream and its
floodplain alluvium to an adjacent tributary
aquifer or basin-fill aquifer, neither of the
|atter two or any part of them may be part of
the “subfl ow zone.

4, That part of the floodplain alluvium
which qualifies as a “subflow,” beneath and
adj acent to the stream nust be that part of
the geologic unit where the flow direction,
the water |evel elevations, the gradations of
the water level elevations and the chem cal
conposition of the water in that particular
reach of the streamare substantially the sane
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users

as the water level, elevation and gradient of
the stream

5. That part of the floodplain alluvium
which qualifies as a “subflow’ zone nust al so
be where the pressure of side recharge from
adj acent tributary aquifers or basin fill is
so reduced that it has no significant effect
on the flow direction of the floodplain
al ' uvi um

6. Ri parian vegetation may be wuseful in
marking the lateral |imts of the “subflow
zone[,] particularly where there i s observabl e
seasonal and/or diurnal variations in stream

flow caused by transpiration. However,
riparian vegetation on alluviumof a tributary
aquifer or basin fill cannot extend the limts

of the “subflow’ zone outside of the |ateral
limts of the saturated fl oodplain Hol ocene
al I uvi um

7. All wells located in the lateral limts
of the “subflow zone are subject to the
jurisdiction of this adjudication no matter
how deep or where these perforations are
| ocat ed. However, if the well owners prove
that perforations are below an inpervious
formation which preclude[s] “drawdown” from
the floodplain alluvium then that well wll
be treated as outside the “subflow’ zone.

8. No well located outside the |lateral
limts of the “subflow zone will be included
inthe jurisdiction of the adjudication unless
t he “cone of depression” caused by its punping
has now extended to a point where it reaches
an adjacent “subflow’ zone, and by conti nual
punping will cause a | oss of such “subflow as
to affect the quantity of the stream

As they did in the trial court, nost of the groundwater

urge us to limt the subflow zone to the
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entrenchnent channel, which resulted from a process in which a
stream eroded downward so as to forma trench. The entrenchnent
channel is part of and lies within the younger alluvium According
to the groundwater users, that channel extends downward to the
vertical boundary of the post-entrenchnment alluvium and 1is
| ateral |y narrower than the younger all uvium

120 Relying primarily on the testinony of their principa

expert, Dr. Errol Montgonery, the groundwater users contend the
post-1880 entrenchnent channel is a well-known, well-docunented,
and easily identifiable geological wunit found throughout the
Southwest and is the only reliable marker of the subflow zone.
They argue that only that channel satisfies Gla River |l because
it is nore closely related to the streamthan to the surrounding
alluvium it transports underground water beneath and i medi ately
adj acent to the surface stream and punping fromit has a direct
and appreciable inpact on the streamfl ow.

121 The trial court rejected the post-1880 entrenchnment
channel and other alternative proposals for defining the subflow

zone.* Those who urge the post-1880 entrenchnent channel as the

‘Some groundwat er users proposed that the subflow zone be
defined by the banks or edge of the streamis principal channel
And, The Nat ure Conservancy proposed, inter alia, that the subfl ow
zone should be defined by the riparian zone, that is, the
geographi c area that phreatophytes had occupi ed in predevel opnent
tinmes. The trial court rejected those proposals.
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nost appropriate subfl ow zone essentially contend that the wei ght
of the evidence supported that result and that the trial court
m sinterpreted the evidence in rejecting it.

122 W note, however, that Montgonery testified that his
master’s thesis did not even nention or nmap the post-1880
entrenchnent area because it would not be “called out” in nost

geol ogical investigations that address the principal geologica

units. Rather, Montgonery stated, “it’s only for special purposes,
special studies that a wunit I|ike the post-1880 would be
delineated.” He al so expressed doubt that DWR would be able to

recogni ze the distinction. Montgonery further testified that “the
boundary that can be recogni zed bel ow t he subsurface i s going to be
the boundary between the Hol ocene alluvium and the basin fill
deposits, because there’s not only a lithologic or textural change
there, but there’s a cenentation change.”

123 In addition, other expert testinmony refuted the
reliability of the post-1880 entrenchnent as the designation of
subfl ow zone. For exanple, Steve Erb of DWR testified that,
al t hough any of the proposals presented to the trial court m ght
possibly satisfy this court’s criteria in Gla Rver 1I, the
younger alluviumis as close as anything to a natural boundary
where subflow occurs. He further testified that DWR antici pated

difficulty in identifying a subflow zone based on post-1880
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entrenchnent due to the lack of lithologic distinction between the
ages of the younger alluvium Smlarly, Alen Gookin, who
testified on behalf of the Gla River Indian Conmunity, recommended
not using the post-1880 entrenchnment channel as the defining marker
for subflow zone because (1) it does not occur throughout the
entire Gla Rver basin, (2) novenent of rivers over tinme would
demand redefinition and redeterm nation of subflow zone on a
continuing basis, and (3) there is no geol ogi cal difference between
t he channel and the rest of the younger alluvium

124 Moreover, the groundwater users conceded at oral
argunent, and the record reflects, that sufficient evidence
supports the trial court’s factual findings, which adopted the

saturated fl oodpl ai n Hol ocene al l uviumas the subfl ow zone.® Thus,

°Specifically, the record, including expert testinobny and
reports admtted at the hearing on remand, reflects the foll ow ng:

A. The saturated floodplain Holocene alluvium has a
defi nabl e bed and banks and has current fromthe fl ow of
underground water in response to gradient.

B. The nethodol ogy and procedure for delineating the
subf | ow zone are not based on vol une or tine, but rather,
on a geological feature that is a distinct, nmapable,
geol ogical wunit.

C. The saturated floodplain Holocene alluviumis nore
closely related to the stream than to surrounding
al luvium exists imedi ately adjacent to and beneath the
stream bed, and does not extend fromridge line to ridge
i ne. It is in direct hydraulic connection with the
surface stream

D. The groundwater table elevation in the saturated
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the groundwater users’ argunent largely boils down to a
di sagreenent with the trial court’s resolution of disputed facts
and conflicting expert opinions. Such issues, however, are solely
and peculiarly within the province of the trial court.

125 The parties presented conflicting evidence, including
expert opinions, to support their theories relating to subfl ow and
its paraneters. The trial court, not this court, weighs the
evi dence and resolves any conflicting facts, expert opinions, and
inferences therefrom |In re Estate of Pouser, 193 Ariz. 574, {13,
975 P.2d 704, 113 (1999). The record reflects that the trial court
carefully and thoroughly perfornmed those functions and then nade
findings that, although disputed, are fully supported by the

evi dence. Under these circunstances, we will not second-guess the

fl oodpl ai n Hol ocene al l uviumis at or near the surface of
t he stream

E. Gadient and flow direction within the saturated
fl oodpl ai n Hol ocene al l uvium generally are nore closely
associated wth the river than with surroundi ng aquifers.
The boundari es of the subflow zone set by the trial court
are adequate to elimnate from the equation areas of
connecting tributary aquifers, floodplain alluvium of
epheneral streans, or saturated basin fill.

F. The chem cal conposition of surface water and of water
contained in the saturated fl oodpl ain Hol ocene all uvi um
is virtually identical

G Using the saturated fl oodpl ain Hol ocene all uvium for
i dentifying subflowzone is not arbitrary, but rather, is
scientifically based on geol ogy and associ ated aquifer
characteristics.
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court’s factual findings, but rather, will uphold themunless they
are shown to be clearly erroneous. See Ariz. R Civ. P. 52(a). No
such showi ng has been nmade here.

126 As they did in Gla Rver Il with respect to the 50% 90
day rule, the groundwater users also contend the trial court’s
order after remand “is wong as a matter of |aw because its
definition of subflowis too broad and is inconpatible with Gla
River 1l and Sout hwest Cotton. |In support of that argunent, they
poi nt to | anguage i n those opi nions variously descri bi ng subfl ow as
underground water that is “*a part of the surface stream’” 175
Ariz. at 387, 857 P.2d at 1241, quoting Sout hwest Cotton, 39 Ariz.
at 96, 4 P.2d at 380; “‘found within, or imrediately adjacent to,
t he bed of the surface streamitself,’” 175 Ariz. at 387, 391, 857

P.2d at 1241, 1245, quoting Southwest Cotton, 39 Ariz. at 97, 4

P.2d at 381; “‘connected with the streanf,] . . . strictly confined
to the river bottom and noving underground ” “‘within the bed of
the surface streamitself,’”” 175 Ariz. at 390, 857 P.2d at 1244,

quoti ng Ki nney, supra 8 1161, at 2110; and “relatively close to the
streambed.” 175 Ariz. at 391, 857 P.2d at 1245. According to the
groundwat er users, the trial court’s adoption of the saturated
fl oodpl ai n Hol ocene al l uviumas t he subfl ow zone cannot be squared

w th those prior pronouncenents.
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127 As the groundwater users correctly observe, this court
“adopted [Kinney's] narrow definition [of subflow] in Southwest
Cotton,” Gla River Il, 175 Ariz. at 390, 857 P.2d at 1244, and
agai n characterized subflowas “a narrow concept” in Gla River I1.
Id. at 391, 857 P.2d at 1245. Although those abstract, genera
statenents hold true, we also observed in Gla River Il that
variations may affect where the line is drawn between subfl ow and
nonappropri abl e percolating water, “depending on the volune of
stream fl ow and other variables.” 1d. Thus, defining subflowin
any particular area is a relative endeavor, “not an all-or-nothing
proposition.” Id. And, although “the line between surface and
groundwater . . . is, to sone extent, artificial and fluid,” id. at
392, 857 P.2d at 1246, our various descriptions of subflowin Gla
Ri ver Il and Sout hwest Cotton should not serve as a straitjacket
that restricts us fromreaching in the direction of the facts and,
so far as possible wunder those decisions, conformng to
hydr ol ogi cal reality.

128 Qur dissatisfaction with the 50490 day test in Gla
River Il stemmed largely from its arbitrary volunme and tine
conponents, contrary to Southwest Cotton’s nmandate to define
subflow “in terns of whether the water at issue was part of the
streamor was percolating water on its way to or fromthe stream”

Gla River Il, 175 Ariz. at 392, 857 P.2d at 1246. The 50% 90 day
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test included no such inquiry, as the trial court acknow edged in
its subsequent order after remand: “A review of the exhibits and
testinmony of [the 1987] hearing reflects the issue of “subflow or
how it could be physically |located was not the focus of those
hearings. Rather, it was a hearing as to the general rel ationship
of surface flow to groundwater of all types.” The court further
stated that, “[while [Gla River Il] is correct in that there was
no substantial evidentiary basis for [the 50% 90 day rule], the
reason for it was that the 1987 hearings did not focus on
“subflow ’”

129 In contrast, the trial court’s order after remand st at ed:

“I'n dealing with the issue of ‘subflow as raised in ‘' Southwest

Cotton,’” the hearings held in . . . 1994 specifically focused on
it. Al [the] testinony related directly to that issue and the
i ssue of ‘cones of depression.’”” The volum nous record confirns

t hose st atenents.

130 The resolution of this case should not hinge on the
semantics used in either Gla Rver Il or Southwest Cotton to
general ly describe subflow In short, those decisions were not

intended to establish hard and fast, artificial paraneters for
subfl ow based solely on its geographic reach or on sone arbitrary
di stance froma streanbed. See Sout hwest Cotton, 39 Ariz. at 87,

4 P.2d at 377 (factors relevant to determ ning subflow include

26



“geologic formation”); City of Los Angeles v. Poneroy, 57 P. 585,
598 (Cal. 1899) (facts supported jury finding that underground
wat er flow ng through a pass one and one-half to two and one-half
mles wide constituted subflow), cited with approval in Sout hwest
Cotton, 39 Ariz. at 97-99, 4 P.2d at 381. Rather, as we stated in
Gla River Il, the determi nation of whether a particular well is
punpi ng subfl ow depends on “whether the well is punping water that
is nore closely associated with the stream than wth the
surrounding alluvium” 175 Ariz. at 392, 857 P.2d at 1246, and
whet her “‘drawing off the subsurface water tend[s] to dimnish
appreciably and directly the flow of the surface stream’” |d. at
393, 857 P.2d at 1247, quoting Sout hwest Cotton, 39 Ariz. at 97, 4
P.2d at 380. That determ nation, in turn, necessitates a
conparative evaluation of such factors as “elevation, gradient,
[flowdirection,] and perhaps chem cal makeup.” Gla River Il, 175
Ariz. at 392, 857 P.2d at 1246.

131 Using those pertinent criteria, the trial court held
extensive evidentiary hearings for the purpose of “separating
appropriable subflow from percol ati ng groundwater,” 175 Ariz. at
394, 857 P.2d at 1248, with the ultimate aim of establishing a

wor kable and reasonably accurate definition of subfl ow. ©

®Contrary to the suggestion of sonme of the parties at oral
argunent, the trial court did not exceed the scope of this court’s
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Resol ution of that issue was necessarily fact intensive. As noted
above, the record reflects, and the parties now concede, that
sufficient evidence supports the trial court’s factual findings.

132 Unli ke the 50% 90 day test we rejected in Gla River |1,
the trial court’s order after remand is not arbitrary. Nor does it
include tributary aquifers inits definition of subflow Al though
the saturated floodplain Holocene alluvium may appear to be

i nconsi stent with the “narrow concept” of subflowdescribedinGla
River 11, 175 Ariz. at 391, 857 P.2d at 1245, and suggested in
Sout hwest Cotton, we reject the argunment that the trial court’s
findings and conclusions, as a matter of law, so violate the
fundanmental principles of those cases that they cannot stand. Nor
does affirmance of the trial court’s order require us to overrule
Gla River Il or Southwest Cotton, and we do not do so.

133 At oral argunent, the groundwater users questioned how
the “saturated” younger alluviumis to be defined and identified
and what role, if any, the criteria that we set forthin Gla River

Il and that the trial court used will play in determ ning subflow

in different | ocations. The <criteria that the trial court

remand in Gla River Il. W specifically instructed the court to
“take evidence” and “apply[] the principles contained” in Gla
River |1 for purposes of “separating appropriable subflow from
percol ating groundwater.” 175 Ariz. at 394, 857 P.2d at 1248. W
did not intend to limt the trial court to merely determning
useful criteria for that task.
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articul ated were elaborations of, but consistent with, the nore
general criteria set forth in Gla Rver II. The trial court
properly applied these criteria to the San Pedro River basin in
order to determne the nost appropriate subflow zone, and the
wei ght of the evidence supports the trial court’s identification of
that zone as the “saturated” floodplain Holocene alluvium

134 The record reflects that the saturated floodplain
Hol ocene alluviumis readily identifiable; that DWR can quickly,
accurately, and rel atively i nexpensi vely determ ne t he edge of that
zone; and that sone of the work already has been done. For
exanple, the Salt R ver Project’s (SRP) expert, Jon Ford, presented
a proposal that identified subflow for the entire San Pedro River
wat ershed and conducted a field check of his map to refine the
boundari es. DWR nmay use such data accunulated during these
proceedings to aid in its task. DWR al so nmay use, but is not
limted to, topographic naps, aerial photographs, phreatophyte
presence, drilling records (or other descriptions of materials
encountered during drilling), water table maps, seismc data, and
field mappi ng techni ques.

135 The entire saturated fl oodplain Holocene alluvium as

found by DAR, will define the subflow zone in any given area.’ In

'According to Erb, DWR does not include as part of a
fl oodpl ai n aqui fer any area where the floodplain alluviumis above
the water table.
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the effort to determine that zone in other areas, the detailed
criteria set forth in the trial court’s order, insofar as they
apply and are neasurable, nust be considered, but we do not
precl ude the consideration of other criteria that are geologically
and hydrol ogically appropriate for the particular |ocation.

136 Contrary to the groundwater users’ argunent, the
saturated fl oodplain Hol ocene alluvium does not automatically or
necessarily enconpass the entire younger alluvium Equating the
two would fail to take into account the pertinent criteria that
must be applied and satisfied for determning the “saturated”
subfl ow zone in a particular area. See Sout hwest Cotton, 39 Ariz.
at 96, 4 P.2d at 380 (noting that “the water from the surface
stream nust necessarily fill the | oose, porous material of its bed
to the point of conplete saturation before there can be any surface
flow). It also would conflict with our rejectionin Gla River Il
of any unqualified, blanket rul e that invariably would include “al
of an alluvial valley’'s wells” or all “waters punped any place in
the younger alluviuni in the definition of subflow. 175 Ariz. at
391, 393, 857 P.2d at 1245, 1247. But, contrary to the groundwat er
users’ argunent that the trial court’s definition of subflow is
broader than Gla River Il and Sout hwest Cotton permt, the record
reflects that saturated fl oodpl ai n Hol ocene al | uvi umoccupi es only

very narrow portions of the alluvial basins.
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137 Moreover, as Ford explained and as the trial court
acknow edged, the Hol ocene or floodplain alluviumis only the nopst
recent portion of “streamalluvium” The entire younger alluvium
is of Quaternary age, which includes materials deposited during
both the Pl ei stocene era (approximately 1.8 mllion to 10, 000 years
ago) as well as the Holocene era (approxinmately the past 10,000
years to date).?® And, as Montgonery acknow edged, nodern
fl oodplain alluviumunderlies and is adjacent to nearly all large
streans. Finally, the trial court’s order does not preclude, but
rather contenplates, future adoption of “a rationally based
exclusion for wells having a de mninus effect on the river
system” an approach we continue to endorse. Gla River Il, 175
Ariz. at 394, 857 P.2d at 1248. See also San Carl os Apache Tri be
v. Superior Court, 193 Ariz. 195, 9135-40, 972 P.2d 179, 1935-40
(1999).
B. Cones of depression

138 The trial court’s order limts the subflow zone to the
saturated fl oodpl ain Hol ocene alluvium Thus, wells outside that
area are presuned not to be punping subflow. The trial court
ruled, however, that “[wjells located outside the latera

paraneters of the defined ‘subflow zone” may be included in the

8According to Mbntgonery, Hol ocene describes material
deposited during approximately the | ast 8,000 years.
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adjudication if “it is proven that their ‘cones of depression?®
reach the ‘ subfl ow zone and the drawdown fromthe well affects the
vol une of surface and ‘subflow in such an appreciabl e anount that
it is capable of neasurenent.” In other words, the trial court
ruled, a well may be subject to the adjudication if its “‘cone of
depression’ caused by its punpi ng has now extended to a poi nt where
it reaches an adjacent ‘subflow zone, and by continual punping
wi |l cause a loss of such ‘subflow as to affect the quantity of
the stream”

139 The trial court did not attenpt to establish a test for
determining a well’s cone of depression because the court |acked
perti nent evidence on that issue. Instead, the court recognized
t hat each well nust be separately evaluated “to conpute drawdown at
the ‘subflow zone” and that “whatever test ADWR finds is
realistically adaptable to the field and whatever nethod is the
| east expensive and del ay-causi ng, yet provides a high degree of
reliability, should be acceptable.”

140 We agree with the trial court. DWR may seek to establish
that a well located outside the limts of the saturated fl oodpl ain

al luviumis in fact punping subflowand is therefore subject to the

°The cone of depression is the funnel-shaped area around a
well where the withdrawal of groundwater through the well has
| owered the water table. Gla River Il, 175 Ariz. at 391 n.10, 857
P.2d at 1245 n. 10.
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adj udi cation, by show ng that the well’s cone of depression extends
into the subflow zone and is depleting the stream And, as we
stated in Gla River Il, although a cone of depression may result
in only part of a well’s production being appropriable subflow,
“that well should be included in the general adjudication.” 175
Ariz. at 391, 857 P.2d at 1245.
C. Bur dens of proof

141 The trial court’s order and the parties’ briefs addressed
the standard of proof a well owner nust neet to rebut DWRs
assessnent that a well is punping subflow. As noted in 6 above,
a well punping underground water is presuned initially to be
punpi ng percol ati ng groundwater, not appropriable subflow.  Wen
DWR determ nes and establishes that a well is in the subflow zone
by using the pertinent criteria or that it is punping subflow by
reason of its cone of depression, DWR provi des cl ear and convi nci ng
evi dence of that fact. See Gla River Il, 179 Ariz. at 392, 857

P.2d at 1246. The burden then shifts to the well owner to show

that a well is either outside the subflow zone or is not punping
subflow. Id.
142 In its order after remand, the trial court stated that,

“[a]t least in the area of ‘cones of depression[,]’ a burden of
proof of preponderance seens fairer. The sane is probably also

true in the area of a ‘subflow zone determ nation.” The court
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noted that, in determ ning cones of depression, experts “often
rel[y] on assunptions which are not provable or are only partially
provabl e” and that a clear and convincing standard for rebutta
pur poses probably would be “too form dable a barrier” for pro se
parties and often would be “too much for represented parties of
nodest weal th.”

143 G ven the strong initial presunption that a well is
punpi ng percolating groundwater, we agree with the trial court
that a preponderance of the evidence standard is nore appropriate
and should apply to well owners’ efforts to rebut DWs
determ nation that a well is punping subflow. ® [If a well owner
presents sufficient evidence to neet that standard, it necessarily

reduces DAAR s proof to sonething | ess than clear and convi nci ng.

D. O her | ssues
144 We summarily di spose of the parties’ renmaining argunents
relating to the trial court’s determ nation of subflow In Gla
River I, we stated that “‘[r]egulation of water use,’” enactnent

of appropriate laws for the “*w se use and nmanagenent’” of water,
and effecting “any appropriate change in existing law to
accommodate “conflicting interests and cl ai ns of groundwater users

and surface appropriators,” are peculiarly legislative functions.

W did not state or suggest otherwise in Gla River Il
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175 Ariz. at 393, 857 P.2d at 1247, quoting Arizona Pub. Serv. Co.

v. Long, 160 Ariz. 429, 436, 773 P.2d 988, 995 (1989). Based on
t hat | anguage, the groundwater users and the state contend that
judicially redefini ng subflow to enconpass per col ati ng,

nonappr opri abl e gr oundwat er vi ol ates t hose princi pl es by i nproperly
usurping the legislative role. That argunent, however, overl ooks
t hree basic points.

145 First, for nearly seven decades, this court has
established the paraneters of subfloww thout |egislative action or
direction. Second, as discussed above, the trial court did not
change existing |law concerning subflow or otherw se inproperly
encroach on the state’'s G oundwater Code, A R S. 88 45-401 t hrough
45-704. Rather, the court nerely applied the criteria set forthin
Gla Rver Il to the evidence presented on renand. As SRP
correctly notes, the trial court’s order “addresses only
appropriable water and wells that punp such water,” wthout
“chang[ing] the legal status of wunderground water that is not
appropriable.” Third, this court nust decide issues that are
squarely presented to it, particularly when, as here, the tria

court, at the parties’ request, specifically certified the
guestions raised in this matter. See San Carl os Apache Tribe, 193

Ariz. 195, 137, 972 P.2d 179, 9137 (“The power to define existing
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law, including conmmon law, and to apply it to facts rests
exclusively within the judicial branch.”).

146 G ven the over quarter-century history of, and specific
statutory authorization for, this conplex general stream
adj udi cation, see id. at 92, 972 P.2d 179, 492, the judiciary
clearly is not only enpowered but al so expected to determ ne, based
on a conplete evidentiary record, issues relating to subflow
Resol ution of such issuesis integral to our statutorily recogni zed
role of determning “the nature, extent and relative priority of
the water rights of all persons in the river system and source.”
A RS 8§ 45-252(A). That function, in turn, includes identification
of “waters of all sources, flowng in streans, . . . other natural
channel s, or in definite underground channel s” that “are subject to
appropriation and beneficial use.” 8§ 45-141(A). See also 8§ 45-
251(7). In sum this is not an area in which we nust await or
necessarily defer to legislative action. Cf. Law v. Superior
Court, 157 Ariz. 147, 155, 755 P.2d 1135, 1143 (1988) (“W are
furthering the statutory objectives inthis area, not contradicting
them ).

147 We al so reject the groundwat er users’ assertion that the
trial court’s order anobunts to an unconstitutional taking of their
private property, in violation of the Fifth Amendnent. I n

remanding this matter in Gla River Il for the trial court to
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establish an evidentiary and principled basis for differentiating
appropriable subflow from percolating groundwater, we inplicitly
rejected the groundwater users’ identical argunent in that case.
Mor eover, because a well owner does not own underground water, Town
of Chino Valley v. Cty of Prescott, 131 Ariz. 78, 82, 638 P.2d
1324, 1328 (1981), and because I|andowners have “no legally
recogni zed property right in potential, future groundwater use,”
Gla Rver I, 171 Ariz. at 239, 830 P.2d at 451, the constitutional
argunment i s substantively w thout nerit.

V. CONCLUSI ON

148 W affirmthe trial court’s order after remand in all
respects. The subflow zone is defined as the saturated fl oodpl ain
Hol ocene al | uvi um DWR, in turn, wll determne the specific
paraneters of that zone in a particular area by evaluating all of
the applicable and neasurable criteria set forth in the trial
court’s order and any other relevant factors. See 1Y33-35, supra.
Al wells located within the lateral limts of the subflow zone are
subject to this adjudication. In addition, all wells I|ocated
outside the subflow zone that are punping water froma stream or
its subflow, as determ ned by DAWR s analysis of the well’s cone of
depression, are included in this adjudication. Finally, wells

t hat, though punpi ng subflow, have a de m ninus effect on the river
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system may be excluded from the adjudication based on rational
gui del i nes for such an excl usi on, as proposed by DWR and adopt ed by

the trial court.

JOHN PELANDER, Judge
CONCURRI NG

THOVAS A. ZLAKET, Chief Justice

STANLEY G FELDMAN, Justi ce

W LLI AM E. DRUKE, Judge

NOEL FI DEL, Judge

Vice Chief Justice Charles E. Jones and Justices Frederick J.
Martone and Ruth V. McG egor recused thensel ves; pursuant to Ariz.
Const. art. VI, 8 3, Judge Noel Fidel of Division One, Arizona
Court of Appeals, Judge WIliam E. Druke, and Judge John Pel ander
of Division Two, Arizona Court of Appeals, were designated to sit
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l. CHRONOLOGY OF PROCEEDINGS

This report addresses the objections filed to the Subflow Technical Report, San Pedro River
Watershed (2002) (“Subflow Report”) prepared by the Arizona Department of Water Resources
(“ADWR”).! ADWR filed the Subflow Report pursuant to the trial court’s directive to supplement
the department’ s prior Report Concerning Implementation of the Arizona Supreme Court’s Decision
on Subflow (2001). The reports recommend procedures to implement the subflow criteria and a cone
of depression test in accordance with the Arizona Supreme Court’s Gila 112 and Gila IV? decisions.
Those decisions, arising from the same interlocutory review appeal, deal with subflow, an issue
extensively litigated in this adjudication since 1987.

The Gila River Adjudication will determine or establish “the extent and priority of the rights
of al persons to use water in [the Gilg] river system and source.”* A “river system and source”

includes “all water appropriable” under A.R.S. § 45-141.> The Arizona Supreme Court has held that

! The pleadings and orders filed in the proceedings before the Special Master are available at the office of the
Clerk of the Maricopa County Superior Court, 601 West Jackson Street, Phoenix, Arizona 85003, under Civil
No. W1-103 (contact Tina Barrett or Veronica Olivas at 602-506-1351). Electronic copies of the orders are
posted at http://www.supreme.state.az.us'wm/ on the page titled Gila River Adjudication (In re Subflow
Technical Report, San Pedro River Watershed).

% In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 175 Afiz.
382, 857 P.2d 1236 (1993) (“Gila 11"). The Supreme Court framed the interlocutory review issue as, “Did the
trial court err in adopting its 50%/90 day test for determining whether underground water is ‘ appropriable’
under A.R.S845-141." 175 Ariz. at 386, 857 P.2d at 1240.

® In re the General Adjudication of All Rights to Use Water in the Gila River System and Source, 198 Ariz.
330, 9 P.3d 1069 (2000), cert. denied sub nom. Phelps Dodge Corp. v. U.S, 533 U.S. 941 (2001) (“Gila IV").
In Gila Il, the Arizona Supreme Court remanded to the tria court, which after further hearings issued a ruling
whose appedl to the Supreme Court resulted in Gila IV. Gila Il and Gila IV sought to resolve “the ambiguities
and uncertainties left by” the Court’s decision in Maricopa County Mun. Water Conservation Dist. No. 1 v.
Southwest Cotton Co., 39 Ariz. 65, 4 P.2d 369 (1931), modified and reh’g. denied, 39 Ariz. 367, 7 P.2d 254
(1932) (“Southwest Cotton™). 175 Ariz. at 389, 857 P.2d at 1243.

*AR.S. §45-251(2).

°® A.R.S. § 45-251(7).
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“[b]ecause subflow is considered part of the surface stream, it is appropriable as such under § 45-
141(A).”® Therefore, awell pumping subflow is subject to the adjudication.

In Gila 1V, the Supreme Court defined the subflow zone as the saturated floodplain Holocene
alluvium and st forth three tests to determine if a well is subject to the adjudication because it
pumps subflow:

1. All wells located within the lateral limits of the subflow zone are subject to this
adjudication;

2. [A]ll wells located outside the subflow zone that are pumping water from a stream

or its subflow, as determined by DWR’s analysis of the well’ s cone of depression, are

included in this adjudicatior and

3. [W]dlls that, though pumping subflow, have a de minimis effect on the river system

may be excluded from the adjudication based on rational guidelines for such an

exclusion, as proposed by DWR and adopted by the trial court.

Whether ADWR’s proposed procedures to delineate the lateral limits of the subflow zone,
implement a cone of depression test, and set rational guidelines for de minimis water uses comport
with the Supreme Court’ s decisions are the central issues addressed in this report.

Chapter | of this report describes the proceedings. Chapters 11, 111, IV, and V address the
issues raised in Chapters 2, 3, 4, and 5, respectively, of the Subflow Report. Chapters VI, VII, and
VIII relate to future proceedings before the trial court regarding this report. The Special Master has
considered all the papers, declarations, testimony, thirty-eight admitted exhibits, and oral arguments

A. The Technical Reports

At the trial @urt’s hearing held on September 27, 2001, counsel inquired as to ADWR's

plars to propose criteria for determining the subflow zone. ADWR answered it had “internally been

6198 Ariz. at 334, 9 P.3d at 1073.
7198 Ariz. at 344, 9 P.3d at 1083.
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discussing the issues related o developing subflow criteria.”® The court directed ADWR to file a
report describing its “proposals for determining the subflow criteria for purposes of this
adjudication.”® The court alowed parties to file responses to the report and set a hearing on January
8, 2002, to consider the report and responses.

On December 18, 2001, ADWR filed a Report Concerning Implementation of the Arizona
Supreme Court’s Decision on Subflow. The San Carlos Apache Tribe, Tonto Apache Tribe, and
Y avapai-Apache Nation (collectively “Apache Tribes’); Arizona Public Service (“APS”); Phelps
Dodge Corporation (“Phelps Dodge’); ASARCO Incorporated (“ASARCQO”); BHP Copper, Inc.
(“BHP”); Inscription Canyon Ranch; Baca Float Water Company; Cities of Chandler, Glendale,
Mesa, and Scottsdale (collectively “Cities’); City of Phoenix (“Phoenix”); Gila River Indian
Community (“GRIC"); Gila Valley and Franklin Irrigation Districts (collectively “Upper Valley
Irrigation Didtricts’); Salt River Project (“SRP’); State of Arizona Agency Claimants (“ State of
Arizond’); United States; and The Nature Conservancy (“Nature Conservancy”) filed responses to
the report or joindersto others' comments.*°

On January 8, 2002, during the hearing of ADWR’s report and the responses, the trial court
directed "ADWR to prepare another more specific and detailed report pertaining to the San Pedro

River watershed....” ! The court’ s order issued later stated:

To promote an efficient and accurate determination of the jurisdictional subflow
zones, ADWR shall prepare a supplemental report specificaly identifying and
describing the procedures and processes it proposes to use to establish the limits of the
subflow zone within the San Pedro River watershed. This report shall include the
following:

1. A proposal for determining the subflow zone that includes more than just
consideration of the saturated lateral extent of the Holocene alluvium. The Court has

2 Sept. 27, 2001 Minute Entry 4 (Oct. 25, 2001).

Id.
1% Saveral parties filed jointly, but each party will be listed separately in this report.
1 Jan. 8, 2002 Minute Entry 2 (Jan. 22, 2002).
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considered ADWR’s position that the decision of the Arizona Supreme Court in “Gila
IV” requires that the subflow zone be initialy delineated by simply mapping the
saturated lateral limits of the floodplain of this alluvium. Many claimants object to
this procedure and assert that AWDR’s current proposal is not legally sufficient. The
Court notes that the guidelines set forth in dla IV direct ADWR to use al criteria
geologically and hydrologically appropriate for subflow determination in each
watershed. Even if ADWR is correct about the tasks mandated by Gila IV to
determine the subflow zone, the work required to address the other considerations
mentioned in Gila IV will serve to confirm the accuracy of ADWR’s determinations.
Therefore, in determining the subflow zone in the San Pedro River watershed ADWR
shall use a methodology that addresses the appropriate use, if any, of each of the
criterion listed in Gila 1V, as well as any other relevant factors that will be helpful in
insuring that ADWR’s subflow zone determination is completed using all reasonable
means to arrive at results that are as accurate as possible;

2. A test for determining if awell’s cone of depression is withdrawing water from the
subflow zone;

3. A set of rational guidelines for determining whether a given well, though pumping
subflow, has a de minimis effect on the river system;

4. A method for including both perennial and intermittent streams as part of the
subflow anaysis, including streams that historicaly contained perennial or
intermittent flows, but which now are ephemeral due to development and other human
initiated actions. The Court recognizes this direction makes ADWR’s task more
complicated and expects the department to formulate a proposal using readily
available historical datathat will permit determination of water levels and locations as
of date(s) prior to widespread diversion and depletion of Arizona's stream flows.
Effluent-fed streams are also to be included as part of ADWR'’s analysis; and

5. A timeline for completion of the tasks outlined in the report. A similar timeline for
the Upper GilaRiver and Verde River watersheds is aso to be submitted.

ADWR’s supplemental report shall be filed on or before March 29, 2002 and shall
contain a certification by the ADWR Director that he has read and is familiar with the
proposal set forth in the report.

After the report isfiled, clamants and parties shall have until May 13, 2002 [note: on
May 7, 2002, upon motion, the Court granted additional time to respond until June
17, 2002] to file objections or requested revisions to the report. These comments may
be presented by legal memorandum, exhibits and/or sworn declarations of experts.

After receipt of all timely filed objections, the Court will review ADWR’s proposal
and party comments. It is likely the Court will enter an order after this review
directing ADWR as to how it is to proceed. Should the Court determine that further
information or explanation is needed, the matter will be referred [to] the Special
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Master for hearing. The declarations submitted by the parties will serve as the direct
testimony at any hearing scheduled by the Specia Master. The only testimony to be
received at any scheduled hearing will be by way of cross-examination (and, perhaps,

some limited redirect examination).?

On March 29, 2002, ADWR filed the Subflow Report. The report sets forth ADWR's
proposed procedures to delineate the latera extent of the subflow zone, implement a cone of
depression test, establish guidelines for de minimis water uses, and schedules to implement the
methodologies in the Gila River Adjudication.

On June 17, 2002, comments, objections, and joinders were filed by the Apache Tribes
Arizona Geological Survey; APS; Phelps Dodge; ASARCO; Arizona Water Company; Bella Vista
Water Company (“Bella Vista’); BHP; Cities; City of Flagstaff; City of Safford (“Safford”); DYM,
Inc.; Painted Rock Ranches; Paloma Ranch Investments, Inc. (“Paoma Ranch”); Rio Rico
Properties, Inc. (“Rio Rico”); Tonopah Irrigation District (“Tonopah”); GRIC; Upper Valley
Irrigation Digtricts City of Goodyear; George E. Price on behaf of the Long Meadow Ranch
Property Owners Association; City of Benson; Valory Strausser individually and on behalf of Lower
San Pedro River Landowners; Phoenix; SRP; State of Arizona; United States City of Sierra Vista
(“Sierra Vigta’); City of Tucson (“Tucson”); City of Sedona, Town of Jerome, Town of Clarkdale,
City of Cottonwood, and Town of Camp Verde (collectively “Verde Valley Communities’); Verde
Valley Water Users Association, Inc. by officers and directors Ray Wrobley, Mary Margaret
Kovacovich and John Kovacovich; and the County of Y avapai.

The following expert witnesses filed sworn declarations on June 17, 2002:

1. Kirk C. Anderson, Ph.D. (Upper Vadley Irrigation Districts).

'2 Minute Entry (Jan. 22, 2002) (“Ballinger Order”).

®* The report has six chapters. Chapter 1 Introduction; Chapter 2 Subflow Zone; Chapter 3 Cone of
Depression; Chapter 4 De Minimis Uses; Chapter 5 Summary and Implementation; and Chapter 6 References
Cited. The attachments include one table, five figures, six plates, and nine appendices. An electronic copy of
the report is posted at http://www.water.az.gov under Publications and Adjudications.
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2. Philip C. Briggs, P.E. (Verde Valey Water Users Association, Inc. by officers and
directors Ray Wrobley, Mary Margaret Kovacovich, and John Kovacovich).

3. Jon R. Ford (SRP).

4.T. Allen J. Gookin, P.E., RL.S., PH. (GRIC).

5. Eric J. Harmon, P.E. and Mark R. Palumbo (APS and Phelps Dodge).

6. W. Gerald Matlock, P.E., Ph.D. (Upper Valley Irrigation Districts).

7. Peter A. Mock, Ph.D., R.G. (GRIC).

8. Errol L. Montgomery, Ph.D., P.G. and Thomas W. Anderson P.H. (BHP).

9. Oliver S. Page, R.G., Peter M. Pyle, R.G., C.Hg., and Jean M. Moran, R.G., C.Hg. (United
States).

10. Doug Toy, P.E. (Cities).

B. Order of Referenceto the Special Master

Following a hearing held on January 22, 2003, the trial court referred ‘the consideration of
the responses and objections filed to the Subflow Report to the Specia Master,” who “[a]fter
reviewing the matter and holding such hearings as he deems necessary...shall prepare a report to the
Court setting forth his recommendations as to whether the Subflow Report should be adopted in
whole or in part or modified.”** The order of reference did not direct the Special Master to make
findings of fact and conclusions of law. *

C. I ssues Set for Briefing and Hearing

On April 10, 2003, the Special Master held a conference to discuss the scope of the Special

Master’s report and establish procedures to comply with the order of reference. SRP, Upper Valley

“ Order 1 (Feb. 21, 2003).

* Ariz. R. Civ. P. 53(h) states, “The master shall prepare a report upon the matters submitted to the master by
the order of reference and, if required to make findings of fact and conclusions of law, the master shall set
them forth in the report.” This matter does not involve the determination of any individual water uses
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Irrigation Digtricts, and the Verde Valey Communities submitted proposed issues for resolution
APS and Phelps Dodge filed comments to the proposed issues.

The Special Master considered all the comments and proposed issues and on April 25, 2003,
issued an order:

1. Setting the following issues for briefing prior to the cross-examination of witnesses:

a. Should ADWR’s subflow analysis consider predevelopment or current
stream flow conditions?

b. Should ADWR consider the criteria specified in Gila IV to idertify the
subflow zone or have the criteria already been taken into account in the Arizona
Supreme Court’s holding that the saturated floodplain Holocene aluvium is the
subflow zone?

c. In addition to analyzing a well’s drawdown at the subflow zone, should
ADWR report the cumulative effect of wells or of groups of wells?

d. Should ADWR’s findings be reported in supplemental contested case
hydrographic survey reports (HSRs) (“case-by-case”) or in a supplemental San Pedro
River Watershed HSR (“the entire watershed”), which identifies the subflow zone,
wells reaching and depleting a stream, and de minimis water rights?

2. Allowing parties to file sworn rebuttal declarations on or before June 27, 2003,
limited to rebutting the opinions or information contained in the initial sworn
declarations and not presenting any new matters not contained in those declarations.

3. Setting ahearing for the cross-examination of witnesses on October 21 and 22,
2003.

4. Directing that the cross-examination of witnesses would address, but would not be
limited to, the following matters:

Location of Subflow Zone

a. Are ADWR’'s recommendations for locating perennial, intermittent, and
effluent-fed streams valid?

b. Does ADWR’s recommendation that the entire latera extent of the
floodplain Holocene alluvium be assumed to be saturated comport with Gila IV?
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c. Is ADWR’s recommended assumption for effluent-fed streams “that the
sediments immediately beneath these reaches are unsaturated due to clogging layers’
valid?

d. Are ADWR'’s recommerdations sufficient to identify and exclude tributary
aquifers and basin fill saturated zones?

Cone of Depression Test
a. Does ADWR’s recommended drawdown of greater than or equal to 0.1 foot,
where the cone of depression has reached the edge of the subflow zone, comport with

GilaVv?

b. Does ADWR's recommended condition that the water level in a well be
below the water level in the subflow zone during pumping comport with Gila IV?

c. What is the accuracy and reliability of analytica (THWELLS) and
numerical (MODFLOW) models for the cone of depression test?

d. Is ADWR’s recommendation that the impact of a well be measured “at the
time of the modeling” scientifically valid?

e. Should ADWR recommend a methodology to evaluate the impact of wells
perforated below an impervious formation within the limits of the subflow zone?*®

The Special Master indicated the four issues set for briefing would be ruled upon prior to the
cross-examination of the expert witnesses. Memoranda, responses, and replies were filed between
June 6, 2003, and August 11, 2003. Oral argument was not set.

D. Discovery

A discovery issue arose prior to the submission of briefs. The United States requested
clarification of permissible discovery after being served with a request for documents by the Upper
Valley Irrigation Districts. The request sought copies of forty documents listed by the United States
expert witnesses in their credentials.

On August 7, 2003, the Special Master issued an order stating that formal discovery of other

than the disclosure of the sworn declarations, by means of depositions, interrogatories, production of

1% Special Master’s Order Setting Briefing Schedule and Hearing 3-4 (Apr. 25, 2003).

W1-103/Final Rep/July 16, 2004 13




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

documents or things, inspections, examinations, and requests for admissions was not contemplated in
this proceeding, but informal discovery of not more than eight reports described or listed in the
declarations would be allowed. Informal discovery was to be completed by October 7, 2003.

E. Rebuttal Declarations

On June 27, 2003, the following expert witnesses filed rebuttal declarations:

1. Mr. Briggs (Verde Valey Water Users Association, Inc. by officers and directors Ray
Wrobley, Mary Margaret Kovacovich, and John Kovacovich).

2. Mr. Ford (SRP).
3. Mr. Gookin (GRIC).
4. Messrs. Harmon and Palumbo (APS and Phelps Dodge).

5. Mr. Michadl J. Lacey (Bella Vista and Pueblo Del Sol Water Company (“Pueblo Del
Sal™)).

6. Mr. Ralph P. Marra, Jr. (Tucson).
7. Dr. Mock (GRIC).

8. Dr. Matlock (Upper Valley Irrigation Districts, Verde Valey Communities, and the
Maricopa-Stanfield and Central Arizona Irrigation and Drainage Districts).

9. Dr. Montgomery and Mr. Anderson (BHP).

10. Messrs. Page and Pyle (United States).

11. Mr. Toy (Cities).

F. Special Master’s Proposed Rulings

On September 8, 2003, the Special Master issued proposed rulings for the four issues briefed

prior to the hearing. The order stated the rulings “may be modified in accordance with relevant
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testimony, credible evidence, or persuasive argument presented during the examination of witnesses
on October 21 and 22, 2003.”*/

The issues and a summary of the rulings are as follows:

Issue 1: Should ADWR’s subflow analysis consider predevelopment or current stream
flow conditions?

1. ADWR’s subflow analysis shall consider predevelopment stream flow conditions.

2. The date of predevelopment shall be a chronological year or a range of years
immediately prior to widespread diversion and depletion of the stream’s flows as a
result of any human activity.

Issue 2: Should ADWR consider the criteria specified in Gila IV to identify the
subflow zone or have the criteria already been taken into account in the Arizona
Supreme Court’s holding that the saturated floodplain Holocene aluvium is the
subflow zone?

1. The criteria specified in Gila 1V to identify or delineate the subflow zone have
already been taken into account in the Arizona Supreme Court’s holding that the
saturated floodplain Holocene alluvium is the subflow zone.

2. If ADWR is unable by using the means it proposes to identify or delineate the
subflow zone in a stream segment, ADWR is directed to use the criteria specified in
GilalV and any other relevant factors that are appropriate for the particular location to
delineate the subflow zone.

Issue 3 In addition to analyzing a well’s drawdown at the subflow zone, should
ADWR report the cumulative effect of wells or of groups of wells?

1. A well’s drawdown at the subflow zone shall be analyzed individually for each
well.

2. The Special Master will not decide in this order whether ADWR should report the
cumulative effect of wells or of groups of wells. A ruling will be made after
considering the evidence presented at the October hearing.

Issue 4: Should ADWR’s findings be reported in supplemental contested case
hydrographic survey reports (HSRs) (“case-by-case”) or in a supplemental San Pedro
River Watershed HSR (“the entire watershed”), which identifies the subflow zone,
wells reaching and depleting a stream, and de minimis water rights?

7 Special Master’s Order Determining Issues 1 Through 4, 11 (Sept. 8, 2003).
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1. The Special Master recommends the following schedule for the San Pedro River
Watershed:

A. After the Superior Court adopts or modifies the Special Master's report
recommending the procedures and processes to delineate the subflow zone within the
San Pedro River Watershed and a cone of depression test, ADWR is directed to
prepare a map delineating the subflow zone for the entire San Pedro River Watershed.
ADWR shal submit this map and related information in a technical report and not in
any form of HSR. The scope of the technical report shall be limited to delineating the
subflow zone.

B. Upon filing its technical report with the Superior Court, ADWR shall send a notice
to al claimants in the San Pedro River Watershed and the parties listed in the Gila
River Adjudication Court-Approved Mailing List informing them of the scope and
availability of the report and of a clamant’s right to file written objections to the
report and of the deadline for filing objections.

C. Any clamant in the San Pedro River Watershed may file a written objection to
ADWR's technical report within 120 days of the date on which the report was filed.
Objections shall be limited to ADWR'’s findings regarding the subflow zone.

D. After considering the objections, the Superior Court will approve the map that
delineates and establishes the subflow zone for the San Pedro River Watershed.

E. Using the cone of depression test adopted by the Superior Court, ADWR will
analyze wells located outside the lateral limits of the subflow zone to determine if the
well’s cone of depression reaches an adjacent subflow zone, and if continuing
pumping will cause a loss of such subflow as to affect the quantity of the stream.
ADWR will examine the other water right claims to determine de minimis water rights
in the San Pedro River Watershed in accordance with the Superior Court’ s September
26, 2002, order. ADWR will investigate and supplement, as needed, its findings
reported in the 1991 Final San Pedro River Watershed HSR.

F. ADWR publishes a Supplemental Final San Pedro River Watershed HSR reporting
its findings on a clam by claim basis, in accordance with A.R.S. § 45-256(B),
including wells withdrawing subflow, cone of depression analyses, de minimis water
rights, and all other updated information.

G. ADWR shall send a notice of the filing of the Supplemental Final San Pedro River
Watershed HSR to al clamants in the Gila River Adjudication, who may file
objections within 180 days of the date on which the report was filed.

2. The Special Master will direct ADWR to file the supplemental contested case HSR
for In re Fort Huachuca after the Superior Court has approved the map delineating the
subflow zone for the San Pedro River Watershed.
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3. The Specia Master recommends that this schedule be adopted for all the

watersheds in the Gila River Adjudication subject to modifications that may be proper

as aresult of experience with this process.*®

G. ADWR'’s Proposed Use of Soil Surveys and Expert Declarations

On September 25, 2003, ADWR filed a notice stating it had recently become aware of soil
survey maps published for a portion of Cochise County that ADWR believes should be used to
determine the lateral limits of the subflow zone. ADWR proposes to use the soil survey maps,
prepared under the auspices of the Natural Resources Conservation Service (“NRCS’) (part of the
United States Department of Agriculture) working with other federal, state, and local agencies, to
delineate the lateral extent of the subflow zone. The soil survey maps would be used instead of the
surficial geology maps described in section 2.4 of the Subflow Report. ADWR indicated that il
survey maps will in the future be available for the entire San Pedro River Watershed and for other
areas of the Gila River Adjudication.

The Soil Survey of Cochise County, Arizona, Douglas-Tombstone Part (2002) was based on
major field work, cropland mapping, and rangeland mapping completed in 2000.*° The “soil survey
is an inventory and evaluation of the soils in the survey area” that “can be used to identify the
potentials and limitations of each soil for specific land uses and to help prevent construction failures
caused by unfavorable soil properties.”?° The 734-page report describes 152 soil map units within the
survey area. One unit was not mapped because the landowner denied access. The report contains
maps of the soil units with the classification of the soil series and their morphology found within

each unit. Appendix A of ADWR’s notice contains copies of several pages of the report that describe

how the survey was compl eted.

4.

' An dectronic copy of the report is posted at http://www.water.az.gov under Publications and Adjudications.
? ADWR Notice of Recently Published Soil Survey Maps for Cochise Co. app. A (NRCS Soil Survey Report
187) (Sept. 25, 2003) (“ADWR Notice of Recently Published Soil Survey Maps’).
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ADWR proposes to use NRCS survey AZ671 to delineate the lateral extent of the floodplain
Holocene alluvium along the San Pedro River between the International Border and St. David,
Arizona. ADWR submitted soil survey maps covering the Hereford, Fairbank, and Land 7.5- minute
Quadrangles for this river segment (Appendices C, D, and E, respectively). The State Soil Scientist
provided the approximate geologic age of each soil unit shown onthe three maps (Appendix F).

On October 8, 2003, APS and Phelps Dodge requested additional time to analyze and submit
expert testimony on ADWR'’s proposed use of the soil surveys. BHP, Casa Grande, and the Verde
Valley Communities filed joinders to the motion SRP and the United States opposed the motion
During the conference held on October 10, 2003, the Special Master stated he would take up the
request after the hearing.

At the conclusion of the hearing on October 22, 2003, the Special Master granted the request
for additional time. The ruling was memorialized in an order issued on October 28, 2003. The order
allowed parties to file sworn declarations that would “serve as the direct testimony of the expert
witness if a hearing is held,” and to file sworn rebuttal declarations “limited to rebutting the opinions
or information contained in the sworn declarations filed on or before December 8, 2003, and shall not
present any new matters not contained n those declarations.”? A hearing to cross-examine the
expert declarants was ot set or held.

The following experts filed sworn declarations on December 8, 2003:

1. Marshall P. Brown, P.E. (Cities).

2. Mr. Ford (SRP).

3. Mr. Gookin (GRIC).

4. Mr. Harmon (APS and Phelps Dodge).

# Special Master’s Order Allowing Filing of Sworn Declarations Regarding the Proposed Use of Soil Surveys
2 (Oct. 28, 2003).
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5. Dr. Mock (GRIC).

6. Dr. Montgomery (BHP).

7. Mr. Page (United States).
The Upper Valley Irrigation Didtricts, Casa Grande, and the Verde Valey Communities filed
joindersto Mr. Harmon'’ s declaration

On January 12, 2004, Mr. Ford (SRP), Mr. Gookin (GRIC), Dr. Mock (GRIC), and Mr. Page
(United States) filed sworn rebuttal declarations. At the October 21, 2003, hearing, ADWR presented
the direct testimony of Richard T. Burtell, P.G. regarding the proposed use of the soil surveys.

H. Prehearing Proceedings

On October 8, 2003, the Special Master held a telephonic conference “to consider any matters
that will facilitate the orderly and efficient conduct of cross-examination at the hearing set on
October 21 and 22, 2003.”%? Procedural matters and two prehearing motions were taken up during
the conference. A deadline was set to file responses to (1) the request of APS and Phelps Dodge for
additional time to analyze and submit expert testimony on ADWR'’s proposed use of the soil surveys,
and (2) a motion in limine filed a week earlier. A request to reschedule the cross-examination of
witnesses was denied. Parties were directed to premark exhibits, exchange copies of exhibits, and
reintroduce as a new exhibit any exhibit that had been introduced during a prior hearing in this
adjudication ADWR was requested to present additional information in the form of direct testimony
regarding the proposed use of the soil surveys.

On October 3, 2003, the Upper Valley Irrigation Districts, Casa Grande, Central Arizona
Irrigation and Drainage District, and the Verde Valey Communities filed a Motion in Limine to

Exclude All Expert Testimony Re Lega Issues and To Exclude T. Allen J. Gookin's Rebuttal

%2 Special Master’s Order Setting Prehearing Telephonic Conference 2 (Sept. 29, 2003).
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Reports and Testimony. ASARCO filed a joinder. APS, Phelps Dodge, and the State of Arizona
supported the motion, which the Apache Tribes, GRIC, SRP, and the United States opposed. The
movants argued that Messrs. Ford, Gookin, and Page, and Dr. Mock had in their declarations stated
opinions on legd issues, or outsde their areas of expertise, or beyond the scope dlowed by the
Special Master.

At the start of the hearing on October 21, 2003, the Special Master granted the motion in part
and denied it in part. The ruling announced in open court was as follows:

1. None of the sworn declarations, reports, and affidavits will be excluded in its

entirety on the grounds of inadmissibility of expert opinions on questions of law,

opinions outside the scope of the expert’s competency, and relevance.

2. The Special Master will determine the weight and credibility to give to a sworn

declaration, report, affidavit, or testimony that states an expert’s understanding or

views of alegal opinion or holding.

3. Any sworn declaration or testimony that in the opinion of the Special Master rises
to the level of being a conclusion of law will be disregarded.

4. Any testimony that is based on pure speculation or conjecture will be disregarded.

5. Little, if any, weight would be given to any testimony about perceived inequities in

Arizona's a other states water laws, the future of Arizona's water laws or water

resources management, the unstated intent and goals of court decisions, judges, and

statutes, and how the Arizona Supreme Court should have or could have defined the

subflow zone differently than it did in Gila IV.%

On October 14, 2003, reiterating an oral request made during the telephonic conference,
GRIC filed aMotion for Reciprocal Treatment of All Expert Witness Reports, Declarations, Rebuttal
Declarations, Affidavits, and/or Testimony with Regard to the October 3, 2003, Motion In Limine.
The Upper Valley Irrigation Districts and the Verde Valey Communities opposed the motion. At the

hearing on October 21, 2003, the Special Master adopted the ruling on the motion in limine as the

% Hrg. Tr. 11:17-12:11 (Oct. 21, 2003).
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ruling on this motion and granted GRIC’s motion to the extent that the relief requested was granted
inthe ruling on the motion in limine.

l. Participation of the Verde Valley Water Users, Inc.

Mr. Ray Wrobley, Ms. Mary Margaret Kovacovich, and Mr. John Kovacovich, “as officers
and directors of Verde Valley Water Users, Incorporated, an Arizona non-profit corporation” filed a
response to the Subflow Report which included Mr. Briggs sworn declaration.?* During the October
10, 2003, telephonic conference, Phoenix objected that because the corporation is reither a claimant
nor aparty in the Gila River Adjudication it should not be allowed to participate in this proceeding.

The Verde Valey Water Users, Inc. has not filed a statement of claimant in this adjudication.
Mr. Wrabley, Ms. Kovacovich, and Mr. Kovacovich have, however, filed statements of claimant for
their individual water uses.? After further discussion, counsel for the Verde Valey Water Users, Inc.
stated that “he did not object to Mr. Briggs tedimony being offered on behalf of the persons who
filed the statements of claimant listed in the filings of Mr. Briggs declarations.”2°

The issue was again taken up at the end of the first day of hearing. No evidence was
presented showing that the Verde Valley Water Users, Inc. has been served with a summons or has
filed a statement of claimant in this adjudication The adjudication statutes provide that only a
“clamant” “may file written objections” to ADWR’ sreports, “have afair and reasonable opportunity
to present evidence in support of or in opposition to [ADWR’S] recommendations,” and “may enter

into agreements regarding the attributes, satisfaction or enforcement” of water rights in relation to

** Verde Valley Water Users, Inc.’s Response 1 (June 17, 2002).

% At the conference, it was unclear who had filed the statements of claimant listed in the response. At the
hearing, it was clarified that these individuals have filed claims, and the correct numbers are for Mr. Wrobley
39-05-55886, and for Ms. Kovacovich and Mr. Kovacovich 39-05-50030 through 39-05-50034, inclusive.

%% Special Master’s Corrected Minute Entry 2 (Oct. 16, 2003).
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other claimants.?’ Under the pretrial orders in this adjudication a claimant is a person who has filed a

statement of claimant.?®

A corporation which has not been served a summons or has not filed a
statement of claimant may not participate as a party in the adjudication The Special Master ruled
that Mr. Briggs would be allowed to testify on behalf of Mr. Wrobley, Ms. Kovacovich, and Mr.
Kovacovich as individual claimants but not on behalf of the corporation. 2°
J. Hearing
The Apache Tribes APS, Phelps Dodge, Bella Vista, Pueblo Del Sol, BHP, Cities GRIC,
Upper Valley Irrigation Districts, Verde Valey Communities, Mr. Wayne D. Klump, Mr. Ray
Wrobley, Ms. Mary Margaret Kovacovich, Mr. John Kovacovich Safford, Paloma Ranch, Rio Rico,
Tonopah SRP, Tucson, and the United States participated in the cross-examination of the expert
witnesses. Thirty-eight exhibits were admitted. The order of appearance of the expert withesses was
as follows:
On October 21, 2003: 1. Richard T. Burtell, P.G. (ADWR).
2. DaeA. Mason (ADWR).
3. Dr. Montgomery (BHP).
4. Mr. Page (United States).
5. Dr. Matlock (Upper Valey Irrigation Districts).
On October 22, 2003: 6. Mr. Ford (SRP).
7. Mr. Briggs (Mr. Wrabley, Ms. Kovacovich, and Mr. Kovacovich).

8. Mr. Gookin (GRIC).

9. Mr. Harmon (Phelps Dodge).

" A.R.S. 88 45-256(B) and 45-257(C).

?® See GilaRiver Adjudication Pretrial Orders No. 4 (Jan. 24, 2000) and 5 (Mar. 29, 2000); see also Rulesfor
Proceedings Before the Special Master 88 1.04 (definition of “claimant”) and 1.16 (definition of “parties”).

# Hrg. Tr. 240:15-19 (Oct. 22, 2003).
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10. Mr. Toy (Cities).

11. Dr. Mock (GRIC).

12. Mr. Lacey (BellaVistaand Pueblo Del Sol).
13. Mr. Marra (Tucson).

K. Posthearing Proceedings

On December 8, 2003, the Upper Valley Irrigation Districts, Verde Valey Communities, and
Casa Grande requested to cross-examine Mr. Burtell of ADWR regarding the proposed use of the
soil surveys and to allow the parties to present legal arguments and their positions.

On January 28, 2004, the Special Master denied the request to cross-examine Mr. Burtell for
the reasons that claimants had prior opportunities to file expert declarations and rebuttal declarations
regarding ADWR’s proposed use of the soil surveys, and the expert witnesses who had submitted
declarations had available to them ADWR'’s proposal, Mr. Burtell’s testimony, and the extensive
testimony and evidence presented in this matter. The Special Master ruled that sufficient evidence
had been presented regarding the appropriateness of using the soil surveys as proposed by ADWR.

The request for parties to present lega arguments and their positions on all the proposed
procedures was granted. Parties were alowed to file memoranda, responses, and replies on any issue
arising from ADWR’'s recommended procedures and on any of the proposed rulings issued on
September 8, 2003. Oral argument was set on May 20, 2004.

The following parties filed abrief or a joinder: Apache Tribes, State of Arizona, APS, Phelps
Dodge, ASARCO, Arizona Water Company, Tucson Electric Power Company, Bella Vista, Pueblo
Del Sol, Sierra Vista Cities, GRIC, Safford, Paloma Irrigation and Drainage District, Rio Rico,

Roosevelt Water Conservation District (“Roosevelt”), SRP, Upper Valey Irrigation Districts, Verde
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Valley Communities, Maricopa-Stanfield Irrigation and Drainage District, Central Arizonalrrigation
and Drainage District, Casa Grande, and the United States

Prior to the last day to file responses, SRP filed objections and a motion for expedited
consideration of its request to exclude eleven exhibits attached to the Cities opening brief. The
Special Master took up the request on an expedited basis, and on April 7, 2004, granted in part and
overruled in part SRP' s objections to the exhibits. The objections to five exhibits and a portion of one
exhibit were overruled on the grounds the Special Master had already considered the exhibits as the
documents were first filed on June 17, 2002. The objections to three exhibits were overruled, but the
consideration the Special Master would give to these exhibits was limited to a specific issue on
which the Cities offered argument. The objections to two exhibits were granted on the grounds they
were cumul ative evidence.

On May 20, 2004, aal argument lasting amost two and one-haf hours was heard, after
which the matter was deemed submitted.
. SUBFLOW ZONE (Chapter 2 of the Subflow Report)

A. Are ADWR’s recommendations for locating perennial, intermittent, and
effluent -fed streamsvalid?

Thetrial court directed ADWR to propose:

A method for including both perennial and intermittent streams as part of the
subflow analysis, including streams that historically contained perennial or
intermittent flows, but which now are ephemeral due to development and other human
initiated actions. The Court recognizes this direction makes ADWR’s task more
complicated and expects the department to formulate a proposal using readily
available historical datathat will permit determination of water levels and locations as
of date(s) prior to widespread diversion and depletion of Arizona's stream flows.
Effluent fed streams are also to be included as part of ADWR’s analysis.*

% Ballinger Order 2.
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ADWR proposes to identify perennial, intermittent, and effluent-fed streams in the Gila River
Adjudication area by using information contained in eleven streamflow maps and several technical
reports. The published maps and reports identify predevelopment perennial streams and recent
perennial and intermittent streams. ADWR was unable to find a published map that shows
predevelopment intermittent streams.

The predevelopment perennial streams are shown in the Hydrologic Investigations Atlas
(“Atlas,” 1986) compiled by the United States Geological Survey (“USGS’). The recent perennia
and intermittent streams are depicted on maps prepared by the Arizona Game and Fish Department
(“AGFD”) dated 1981, 1993, and 1997. ADWR plans to combine informetion contained in these
sources to create a composite map of predevelopment and recent perennial and intermittent streams.

Using the surface water quality rules of the Arizona Department of Environmental Quality
(“ADEQ”), ADWR identified three major and 21 minor “effluent dependent waters’ within the Gila
River system including two reaches inthe San Pedro River Watershed.®*

In its June 30, 1994, order regarding subflow, the trial court adopted from ADWR’s

Technical Assessment?

these definitions of “perennial,” “intermittent,” and “ephemeral” streams:
Perennial streams discharge water continuously through the year. Their source

of supply is normally comprised of both direct runoff from precipitation events or

snow melt, and baseflow derived from the discharge of groundwater into the stream.

Intermittent streams discharge water for long periods of time, but seasonally.
For example, an intermittent stream may flow all winter, every winter, but never flow
continuously during the summer. During seasons when baseflow is maintained,
groundwater is contributing to the stream. During seasons of discontinuous
streamflow, natural and cultural losses may be greater than the contribution from
groundwater, resulting in a losing stream. Or, the amount of groundwater discharge
itself may have decreased due to natural or cultural uses.

* Subflow Report, app. D; see Ariz. Admin. Code R18-11-113 (Effluent Dependent Waters).
% Technical Assessment of the Arizona Supreme Court Interlocutory Appeal Issue No. 2 Opinion (Dec. 15,
1993, ADWR) (“Technica Assessment”).
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Ephemera streams discharge water only in response to precipitation events or
snowmelt, and do not have a baseflow component at any time of the year; they flow
out sporadically. The groundwater system and surface water system do not establish a
hydraulic connection in these systems.*3

Gila 1V affirmed the tria court’s order “in its entirety” and “in all respects.”3*

Dr. Mock recommended that the definitions of perennial and intermittent streams be refined
by limiting intermittent streams to those which are “groundwater-fed,” and by “arbitrarily” defining a
perennial stream as one that flows “at least 11 months out of each year,” and an intermittent stream
as one flowing “at least one month per year and less than 11 months per year of flow.”** He posited
that “[f]or this adjudication, we are only interested in groundwater-fed intermittent streams,” and
“arbitrary but useful thresholds of time [will] allow ADWR to make expedient progress in their
analysis.” %

There has not been a judicial determination that the Gila River Adjudication is, or should be,
only interested in groundwater-fed intermittent streams. An intermittent stream may be spring-fed or
in high altitude areas carry flows from melting snow. Second, adoption of time frames to classify
streams could render determinations indefensible due to arbitrariness. Furthermore, the fact these
definitions were provided to the trial court in a technical report addressing subflow warrants
recognition that ADWR considered generally accepted hydrology principles when it submitted these
definitions.

There is general agreement that the maps ADWR selected to identify perennial, intermittent,

and effluent-fed streams are a good start, but the maps have limitations that require ADWR to

% Order 23-24 (June 30, 1994) (“Goodfarb Order”) quoting the Technical Assessment 6, 9.
34 198 Ariz. at 334, 344, 9 P.3d at 1073, 1083.

% Peter A. Mock Decl. 17 (June 17, 2002).

% d.
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undertake additional verification Limitations include the quality of the sources of information and
inconsistencies, inaccuracies, and omissions in the maps.
Regarding the USGS Atlas, Dr. Montgomery and Mr. Anderson declared that:

[Slevera of these maps were based chiefly on observations recorded in journals of
pioneers traveling through the area, early government survey field notes, and initia
hydrologic investigations for selected basins. Some of the reports are from casual
observations recorded by nonprofessionals whose reliability for technical observations
has not been established; others represent only a single point in time and possibly only
alimited reach of a stream.*’

Regarding the AGFD maps, Mr. Page declared that:

1. There are inconsistencies in the 1993 and 1997 AGFD maps, and “[v]erification is needed
where reaches are not classified and where definitions in the AGFD classification vary somewhat
from that of the Tria Court;”

2. “A more precise definition of the dates of data collection would be helpful” to understand
the 1993 and 1997 AGFD maps because overlaps of perennial and intermittent streanms appear in two
areas in the San Pedro River Watershed, and the dates “may represent the report or map publication
date, rather than the date the data actually represents” and

3. A 1997 AGFD report relied on by ADWR indicates some stream segments are “in
dispute,” but these “are not shown or discussed in the ADWR report and need to be clarified.”

4. A 1998 AGFD map of perennial and intermittent reaches “differ[s] significantly from the
1993 and 1997 AGFD stream classifications for the San Pedro River, suggesting that the
classifications are subject to change due to seasona variation, short term climatic cycles, effects of
development or other factors. Some discussion of the cause of variations affecting the length and
permanence of each reach is needed to define the uncertainty associated with the classifications.” 8

Dr. Montgomery and Mr. Anderson declared that ADWR should carefully review certain
reaches along the Santa Cruz River near Tucson because these reaches “are indicated to contain
perennial or intermittent flow when, in fact, they previoudy were reported to be ephemera flow

reaches.”®®

" Errol L. Montgomery and Thomas W. Anderson Decl. 11 (June 17, 2002).
% Qliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 6-7 (June 17, 2002).
% Errol L. Montgomery and Thomas W. Anderson Decl. 12 (June 17, 2002).
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Mr. Gookin identified twelve riversand creeks and one wash that “historic documentation
indicates...were, in fact, live rivers,” but under ADWR’s methodology they would not be classified
“as perennial and/or intermittent.”*® He declared that ADWR needs to obtain additional historical
evidence to classify these streams. Dr. Mock expressed the same view. **

ADWR is aware the maps it has identified do not show some current perennia stream
reaches, that intermittent reaches currently exist that were not previously identified as perennial, and
that some intermittent reaches depicted on the 1997 AGFD map are “questionable” and are believed
to be ephemeral based on recent stream gage data. The maps and reports ADWR has identified are a
very good start, but additional work must be done to locate perennial, intermittent, and effluent-fed
streams with more accuracy and reliability. The work could be as narrow as verifying stream
segments The tasks could include searching the literature for additional historical and current maps
and reports examining notices of appropriation recorded in county recorders offices; reviewing
court records of prior decrees; reviewing geological reports;, field investigations; and interpreting
aerial photography.

In this work, ADWR must be guided by Gila IV’ s holding that “it is critical that any test used
for determining the boundaries of a subflow zone be as accurate and reliable as possible.”*? The trial
court likewise directed ADWRto “arrive at results that are as accurate as possible.”*3

Recommendation 1: The Court should direct ADWR to use the definitions of perennial,
intermittent, and ephemeral streams set forth in the trial court’s June 30, 1994, order.

Recommendation 2: The Court should direct ADWR to investigate additional sources,

including historical and current documents, scientific reports, mapping projects, aerial photography,

0T, Allen J. Gookin Dedl. sec. 1 at 3, 2 (June 17, 2002).

* Peter A. Mock Dedl. 13-14 (June 17, 2002).

%2198 Ariz. at 335, 9 P.3d at 1074; see 175 Ariz. at 388-9, 857 P.2d at 1242-3.
* Ballinger Order 2.
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and field investigations to locate perennial, intermittent, and effluent-fed streams with as much
accuracy and reliability as possible.

B. Is ADWR’s recommended assumption for effluent-fed streams that were not
previously perennial, or recently perennial or intermittent, “that the sediments immediately
beneath these reaches are unsaturated due to clogging layers’** valid?

In its directions to ADWR, the trial court directed that “[e]ffluent fed streams are aso to be
included as part of ADWR's analysis.”*® In the Subflow Report, ADWR lists three major and 21
minor “effluent dependent waters’ within the Gila River system, including two reaches in the San
Pedro River Watershed.

ADWR proposes that for effluent-fed streams that were not previously perennial, or recently
perennia or intermittent, “it be assumed that the sediments immediately beneath these reaches are
unsaturated due to clogging layers.”*® Therefore, these streams would not undergo subflow analysis.
According to ADWR, “it is common for low permeability” clogging layers to be formed by the
“elevated nutrient and/or organic content of most effluent,” and as layers form along the bed of
effluent-fed streams, the layers* can restrict the seepage of streamflow and, as a result, can cause the
sediments beneath the stream to be unsaturated.”*” Bouwer’s textbook is cited for the observation
that clogging “is primarily a surface phenomenon that rarely extends more than 10 cm [note:

approximately 4 inches] into the soil and often is restricted to the top centimeter or less [note: less

than % inch].”*® The “area adjacent to and beneath such streams would not, by definition, be

* Subflow Report 9.

** Ballinger Order 2.

*® Subflow Report 9.

“1d. a 8,

*®|d. a 9 quoting H. BOUWER, GROUNDWATER HYDROLOGY (McGraw-Hill 1978).
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characteritic of ajurisdictional subflow zone due to the lack of a hydraulic connection between the

subflow and the stream.”*°

ADWR further states, “[d]etailed geologic and hydrologic data are needed to confirm the
presence or absence of clogging layers along effluent fed streams, and the occurrence of unsaturated

flow beneath these streams. The Department believes these data are generally unavailable at this time

and would require considerable time and resources to collect in the future.”*°

The basis of the assumption is “the lack of a hydraulic connection” between an effluent- fed
stream and the subflow. Mr. Gookin declared that “[ s]tudies have suggested that effluent does tend to
lead to plugging, which restricts, but does not eliminate the recharge to the groundwater.”>* In his
opinion, a clogging layer acts as a restriction only during one of four conditions, namely, periods of
low flow and when the water table is below the stream. Asfor the other three conditions:

If the water table is up to the river, then water flows from the groundwater into the
river, and the muck a the bottom of the river does not form an appreciable
restriction.... The third and fourth conditions are periods of high flow with and
without a high water table. During periods of greater than normal flow, due to storm
run off or some other event, this layer of muck is rapidly scoured away and recharge
immediately begins in large amounts, if the aguifer has room to accept the water.
These recharge amounts can be huge. Further, once the flood has passed, it takes time
for this effluent plugging to occur again. During that time, the low flow will continue
to recharge. | am unaware of any situation where effluent has caused recharge to cease
in anatural environment. It Sows it down. It does not stop it.%>? (Emphasis added.)

According to Mr. Gookin, there is a hydraulic connection between an effluent-fed stream and
the subflow, which can be greater than normal during periods of high flow and varies under other
conditions. This opinion accords with ADWR’s description that clogging layers have “low

permeability” (rather than being impermeable).

* Subflow Report 9.

4.

L T. Allen J. Gookin Rebuttal Decl. ch. IX, 2 (June 27, 2003).
2.
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In Gila Il, the Supreme Court approved the trial court’s adoption of “reasonable simplifying
assumptions” which would facilitate the conclusion of the adjudications.>® The assumption proposed
for effluent-fed streams due to clogging layers is not reasonable because it cannot be concluded that
there is a lack or absence of hydraulic connection in effluent- fed reaches between the stream and the
subflow. The evidence that there is no hydraulic connectiondue to clogging layersis not conclusive.

Recommendation 3: The Court should not adopt ADWR’s assumption for effluent-fed
streams that were not previously perennial, or recently perennial or intermittent, that the sediments
immediately beneath these reaches are unsaturated due to clogging layers.

C. Should ADWR use the soil survey maps prepared by the Natural Resources
Conservation Serviceto delineate the lateral limits of the subflow zone?

ADWR’s proposed use of the NRCS soil survey maps to delineate the subflow zone modifies
Section 2.4 of the Subflow Report. In that section, ADWR proposed using the best available
Holocene maps to delineate the lateral extent of the floodplain Holocene aluvium. ADWR believes
that the NRCS soil survey maps are a better tool. The proposal raised four principal objections:

1. The maps include soil types “that are of mixed aluvia fan, floodplain, or stream terrace
origin, not definitively of floodplain origin.”>*

2. The maps include soil types which are not associated with Holocene alluvium.

3. The maps include ephemeral streams.

4. The maps contain little site-specific information regarding depth, saturation, or aguifer
characteristics because soil profiles are described down to 60 inches.

The first two objections are evident in two of the 7.5-minute quadrangle maps ADWR

prepared to show the soil survey units. Mr. Burtell testified that the Hereford Quadrangle shows

%% 175 Ariz. at 394, 857 P.2d at 1248.
> Eric J. Harmon Soil Surveys Decl. 3 (Dec. 8, 2003).
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areasof (1) floodplain alluvium of Holocene age and (2) “mixed floodplain and alluvial fan materials
of Holocene age,” and both areas “would be considered for at least determining where the subflow
zone is.”>® In the Land Quadrangle,®® Mr. Burtell identified “relic fan deposits’ that have been
preserved within the channel of the San Pedro River, and described an “idand” of materia that is
“dther not of Holocene age or if it is, it's not related to floodplain deposits.”>” The soil survey map
shows that the “idand” Mr. Burtell described in the Land Quadrangle (n Soil Unit 2) consists of
“Pre-Pleistocene to Holocene Non-Floodplain Deposits,” and another island on the same map (in Soil
Unit 35) is identified as “Pleistocene Stream Deposits and NonFloodplain Deposits of Various
Ages.”®
Mr. Harmon declared that of the eleven soil map units ADWR had identified “as being
definitive of the floodplain Holocene aluvium,” seven are associated with alluvial fans in addition to
floodplains, and two units are associated with stream terraces.®® “ Alluvia fans are distinctly different
from floodplain aluvium.”® The soil survey maps, in short, (1) show the presence of Pre-
Pleistocene, Pleistocene, Holocene non-floodplain, and nonfloodplain deposits of various ages
within the areas ADWR will investigate to determine the lteral extent of the subflow zone, and (2)
in some areas do not distinguish between floodplain and aluvia fan deposits.
A group of parties argues that the subflow zone includes all of the floodplain aluvium
deposited by a river or stream and not just the portion that is of Holocene age. Accordingly, the

floodplain aluvium may contain Pleistocene deposits and not just Holocene alluvium. Other parties

*® Hrg. Tr. 25:18-26:1 (Oct. 21, 2003); ADWR Notice of Recently Published Soil Survey Maps, app. C.

°® ADWR Notice of Recently Published Soil Survey Maps, app. E.

" Hrg. Tr. 27:17-20 (Oct. 21, 2003).

°® ADWR Notice of Recently Published Soil Survey Maps, app. E.

% Eric J. Harmon Soil Surveys Decl. 6 (Table 1), 7 (Dec. 8, 2003); see also Marshall P. Brown Soil Surveys
Decl. 11 10-12 (Dec. 8, 2003).

% Marshall P. Brown Soil Surveys Decl. 1 10 (Dec. 8, 2003).
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argue that Gila IV explicitly affirmed the trial court’s ruling that the subflow zone is the saturated
floodplain Holocene aluvium, and therefore, the subflow zone cannot include Pleistocene deposits.
After considering the opinions of the parties and their experts, the trial court ruled:
Throughout the hearings, field trip and later briefing, the parties have used the
terms Holocene, younger aluvium, and floodplain aluvium interchangeably. This
Court believes the proper terminology for the geologic unit which defines “ subflow”
is the “saturated floodplain Holocene alluvium.” That term is used deliberately.®*
The court noted the potential difficulty of discerning different materials:
While the depositional processes were somewhat different, where [the Holocene or
younger aluvium and the basin fill] meet it is sometimes difficult to discern the
differences between one type of eroded, depositional debris from another, particularly
when they may both be saturated and water bearing.... However, only the younger
Holocene alluvium can pass the test of “subflow” asiit is the only stable geologic unit

which is beneath and adjacent to most rivers and streams, except those in the
mountains where bedrock surrounds the flow. ®?

The trial court clearly stated subflow is found within the floodplain Holocene aluvium. The
classification “Holocene” is uniformly used throughout its order to describe the floodplain alluvium
associated with subflow. Gila IV affirmed the trial court’s rulings in their entirety. The Supreme
Court defined the term “Holocene’ to refer “to the Holocene epoch, which is that part of the
Quaternary period that covers approximately the most recent 10,000 years. During that time frame,
floods caused rivers to carry and deposit certain materials that originated from erosion of bedrock
and basin fill deposits....”®® The trial court’s rulings and Gila IV cannot be interpreted to mean
anything other than the floodplain Holocene alluvium is where ADWR must start to delineate the

lateral limits of the subflow zone.®

®! Goodfarb Order 56.

2 d.

% 198 Ariz. at 334 n.2, 9 P.3d at 1073 n.2.

% “The entire saturated floodplain Holocene alluvium, as found by DWR, will define the subflow zone in any
given area” 198 Ariz. at 342, 9 P.3d at 1081.

W1-103/Final Rep/July 16, 2004 33




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

ADWR may find areas where it will be “difficult to discern the differences’ between
materials, and in those, it must exercise its best technical analysis and evaluation to delineate the
lateral extent of the floodplain Holocene alluvium. If other materials such as Pleistocene or relic fan
deposits are found, ADWR should report their presence and extent.

The third main objection is that the soil survey maps include ephemeral streams. Mr. Harmon
declared that Soil Unit 123 in the Fairbank Quadrangle is “associated with streams that are partly
ephemeral and partly perennial.”®® Mr. Brown listed seven ephemeral washes whose alluvium “has
been inappropriately delineated as saturated floodplain Holocene alluvium associated with the San
Pedro River.”®® Mr. Ford identified fourteen ephemeral tributaries whose inclusion in the subflow
zone is questionable.®’ The parties and other experts who filed declarations agree that under Gila IV
the ephemeral streams shown on the soil survey maps must be excluded from the subflow analysis.®®

The fourth main objection is that the NRCS used soil borings to define and map the soil
types, but the boreholes generally did not exceed three to four feet and only in exceptional situatiors
went down six or seven feet. The soil maps, therefore, contain little site-specific information about
depth, saturation, or aquifer characteristics in the floodplain Holocene alluvium.

This objection evinces a concern that the soil survey maps will be used as the exclusive
means to delineate the lateral limits of the subflow zone. The Special Master has previoudy stated,

“[1]t is clear from the evidence heard that there is no single or exclusive available indicator that

®® Eric J. Harmon Soil Surveys Decl. 8 (Dec. 8, 2003) (quoting the NRCS Soil Survey Report 156).

% Marshall P. Brown Soil Surveys Decl. 114 (Dec. 8, 2003).

%7 Jon R. Ford Soil Surveys Decl. 1 8 (Dec. 8, 2003).

% The exclusion of ephemeral streams is discussed in chapter 2, section G, and an exception is described in
chapter 2, section E, of this report.
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delineates the subflow zone as defined in Gila 1V. Délineating the entire subflow zone in a watershed
will require using more than one indicator.”

The Special Master adheres to this view, and the experts stated similar opinions. Mr. Brown
declared, ‘{i]t may be appropriate to use soil survey results as a supplemental resource to assist in
delineation of the saturated floodplain Holocene aluvium,” but they “should not be used as the
primary basis....” "® Mr. Ford “agree[s] with the use of NRCS soil data as an additional source of data
to be used to delineate the Subflow Zone, but [does] not support the use of NRCS soil data as the
exclusive delineation method.””* Dr. Mock declared the maps “would serve as but a supplemental
source of data for some interpretations.” > Dr. Montgomery opined the maps “should be used in
conjunction with other maps and resources previously identified by” ADWR.”® Mr. Page declared
that “the soil information can and should be used as one of many tools.”’*

Although the NRCS surveys evaluate soils for purposes of land use planning and
management, the surveys can provide useful information to delineate the subflow zone. The surveys
“collect data on erosion, droughtiness, flooding, and other factors that affect soil uses and
management.” The surveys may not qualify as the exclusive indicator to delineate the lateral limits of
the floodplain Holocene aluvium in accordance with Gila IV, but they should be used as they
contain relevant and useful information.

ADWR specifically recommends that certified NRCS survey AZ671, released in 2003, be

used to determine the lateral extent of the floodplain Holocene alluvium along the San Pedro River

between the International Border and St. David, Arizona. The Hereford, Fairbank, and Land

%9 Special Master’s Order 2 (Jan. 28, 2004).

® Marshall P. Brown Soil Surveys Decl. 120 (Dec. 8, 2003).
™ Jon R. Ford Soil Surveys Decl. 1 13 (Dec. 8, 2003).

"2 Peter A. Mock Soil Surveys Decl. 3 (Dec. 8, 2003).

% Errol L. Montgomery Soil Surveys Decl. 4 (Dec. 8, 2003).
™ Oliver S. Page Soil Surveys Decl. 9 (Dec. 8, 2003).
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Quadrangles are part of survey AZ671. The survey includes soil maps for most of the Babocomari
River and stream reaches within Ramsey, Garden, and Miller Canyons.
Mapping

Before ADWR presented its proposal to use the NRCS soil survey maps, ®me experts
pointed out limitations of the surficial geology maps ADWR proposed to use to delineate the lateral
extent of the subflow zone. Because ADWR may consult some or al of these maps as additional
sources of information, those concerns are addressed.

First, ADWR proposes to utilize four criteria to evaluate the adequacy of the surficial maps,
for the areas with perennial and intermittent streams, which delineate floodplain Holocene alluvium:
field work, map coverage, dating methods, and map scale. Mr. Page recommended that mapping
methods be added to the selection criteria. Mapping methods include aerial photography analysis,
geomorphic (topographic map) interpretation, phreatophyte mapping, and infrared image
interpretation. The recommendation is appropriate.

Second, Messrs. Harmon, Palumbo, Anderson, and Page commented on map scale. They
favor using larger scale maps than ADWR proposes and agree that a scale of 1:24,000 is the
preferred scale. Concerning ADWR's proposed use of the Pool and Coes map” to delineate the
floodplain Holocene aluvium within the Sierra Vista Subwatershed, Messrs. Harmon and Palumbo
declared:

The Pool and Coes map is published at a scale of 1:135,000.... In our experience,

using a map at this scale does not provide sufficient detail to allow accurate

determination of a geologic contact on the ground. If ADWR'’s proposa to use the

Pool and Coes map is adopted, we believe this will lead to inaccurate conclusions

regarding the location of the edge of the jurisdictional subflow zone.... [A] better
choice of map for use in defining the subflow zone would be the published USGS

" D. R.Pool and A. L. Coes (USGS, 1999).
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1:24,000 topographic map series. These maps provide a significantly more detailed
scale, with one mile being depicted as 2.64 inches. ”®

Mr. Anderson declared, “[i]f | were given the task of accurately and reliably identifying the
Holocene alluvium, | would attempt to locate a map focused on the Holocene alluvium with a scale
of 1:24,000 (or larger, even 1:12,000) because the level of detail provided by such maps is probably
necessary to identify the different surficial deposits.”’” Mr. Ford recommended “DWR should obtain
large-scale draft mapping (typicaly at a scale of 1 inch = 2,000 feet).... Once a particular map is
selected, DWR should obtain the largest scale version of that map that is available.” "

The recommendation that ADWR should obtain the largest scale version of a map whenever
possible is appropriate. When area is the same, a large scale map will show items in greater detail
than a small scale map. The Special Master will not recommend a minimum or maximum map scale,
asthedecision iswithin ADWR’s professional judgment.

Third, Mr. Ford recommended that ADWR “should take special care in ensuring that the edge
of the Holocene alluvium is properly transferred from the authors' published or draft mapping, so
that it is accurately re-projected to the current datum used on the DWR base maps.””® Any substantial
error in transferring or re-projecting a depiction from a surficial map to ADWR’s base map will
negate the department’ s efforts to select the proper map. The NRCS report contains a similar caution,
if large copies of the soil survey maps are made: “Enlargement of these maps, however, could cause

misunderstanding of the detail of mapping. If the maps are enlarged, distortion will occur. Enlarged

’® Eric J. Harmon and Mark R. Palumbo Decl. 10-11 (June 17, 2002).
" Kirk C. Anderson Decl. 6 (June 17, 2002).

"8 Jon R. Ford Dedl. § 11a (June 17, 2002).

?1d. a 7 11b.
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maps do not show the small areas of contrasting soils that could have been shown at alarger scale.”®°

The recommendation regarding technical mapping is appropriate.

The experts who submitted declarations concerning the soil surveys provided technical
information, and some addressed characteristics in specific soil units. Gila I1V’s invitation is pertinent
and should be accepted: “DWR may use such data accumulated during these proceedings to aid in its
task.”8!

Recommendation 4: The Court should adopt ADWR’ s proposal to use the NRCS soil survey
maps to delineate the lateral extent of the floodplain Holocene alluvium but should direct ADWR to
use the maps as one source or indicator - but not the exclusive means - to delineate the lateral limits
of the subflow zone.

Recommendation 5 The Court sould direct ADWR to limit its subflow analysis to the
floodplain Holocene alluvium. If other deposits or materials (such as Pleistocene) are found within
the floodplain aluvium of a stream, the presence and extent of those deposits shall be reported, but
the criterion is the floodplain Holocene alluvium.

Recommendation 6: The Court should direct ADWR to exclude from the subflow analysis
the ephemeral streams shown on the NRCS soil survey maps.

Recommendation 7: The Court should adopt ADWR' s proposal to use NRCS survey AZ671
as a source of information to determine the lateral extent of the floodplain Holocene alluvium in the
San Pedro River and its reaches between the International Border and St. David, Arizona.

Recommendation 8: The Court should direct ADWR to consider mapping methods as a

criterionto evaluate the adequacy of a surficial map which depicts floodplain Holocene alluvium.

% ADWR Notice of Recently Published Soil Survey Maps, app. A (NRCS Soil Survey Report 2).
81198 Ariz. at 342, 9 P.3d at 1081. Such information would include the comments submitted by the Arizona
Geologicd Survey to ADWR, which ADWR filed with the Court on June 17, 2002.
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Recommendation 9: The Court should direct ADWR to obtain the largest scale version of a
map whenever possible.

Recommendation 10: The Court should direct ADWR to take specia care in transferring or
re-projecting any depiction on a surficial map to a base map.

D. Should ADWR consider the criteria specified in Gila IV to identify the subflow
zone or have the criteria already been taken into account in the Arizona Supreme Court’s
holding that the saturated floodplain Holocene alluvium is the subflow zone?

This question was briefed prior to the hearing. On September 8, 2003, a ruling was issued
subject to modification after considering the evidence presented during the hearing. The proposed
ruling is adopted as the evidence is not sufficient to modify it.

In Gila Il, the Supreme Court held that in order to determine “[w]hether a well is pumping
subflow...comparison of such characteristics as elevation, gradient, and perhaps chemical makeup
can be made. Flow direction can be an indicator.”®% After remand, the trial court found that if
elevation, gradient, chemical composition, and flow direction are added to the concept that the
subflow zone can be differentiated from adjacent tributary aquifers and the basin fill aquifer that
contribute or receive discharge from the subflow zone, “a set of principles can be developed to define
“subflow.’ " The tria court found that combining the four factors with this concept was “[t]he only
logical and rational way” to make Southwest Cotton and Gila Il “consistent with the scientific
principles’ presented by the expert witnesses.?

Before discussing the “different sides or proposals’ presented to the trial court, Judge

Goodfarb found that Gila Il and the uncontested evidence he had heard required that the subflow

zone “be defined by at least the following principles.”

82 175 Ariz. a 392, 857 P.2d at 1246.
8 Goodfarb Order 34.
8 d.
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1. The “subflow” zone must be adjacent and beneath a perennial or intermittent
stream.

2. It may not be adjacent or beneath an ephemera stream. However, it may be
adjacent or beneath an ephemeral section of a perennia or intermittent stream, if the
ephemera section is caused by adjacent surface water diversion or groundwater
pumping. There must, however, be a saturated zone beneath connected to similar
zones beneath the upper and lower perennia or intermittent stream sections.

3. Except as set forth in paragraph 2 above, there must be a hydraulic connection
between the surface stream and the “subflow” zone.

4. The “subflow” zone must be distinguished from adjacent tributary aguifers or
connecting basin fill.

5. The parameters of the “subflow” zone, if it is to be defined by reference to the
saturated floodplain aluvium, Holocene aluvium, or younger alluvium, must be
outside of and not include those tributary aluvia deposits known as “inliers’ as
indicated in [a figure in an expert’'s report]. (Numbers 6 and 7 are omitted because
they are not germane to this discussion).®®

The tria court then took up the different proposals for defining the subflow zone and

concluded:

After consideration of flow direction, water level elevation, the gradation of water
levels over a stream reach, the chemical composition if available, and lack of
hydraulic pressure from tributary aquifer and basin fill recharge which is
perpendicular to stream and “subflow” direction, the Court finds the most accurate of
al the markers is the edge of the saturated floodplain Holocene alluvium.®®

The court gave the reasons for this determination First, the floodplain Holocene alluvium “is
the only stable geologic unit which is beneath and adjacent to most rivers and streams....”%" Second,
when the floodplain Holocene alluvium is saturated, “that part of the unit qualifies as the ‘ subflow’
zone, where the water which makes up the saturation flows substantially in the same direction as the

stream, and the effect of any side discharge from ftributary aquifers and basin fill is overcome or is

8 1d. at 35-36.
8 |d. at 56; see also 198 Ariz. at 337, 9 P.3d a 1076.
87 Goodfarb Order 56.
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negligible.”® The subflow zone must be sturated because there must be a hydraulic connection
between the stream and the subflow.

In further support of the determination that the subflow zone is the saturated floodplain
Holocene alluvium, the trial court stated:

If we add the following additional criteria, then even more certainty and
reliability is provided. First, the water level elevation of the “subflow” zone must be
relatively the same as the stream flow’s elevation. Second, the gradient of these
elevations for any reach must be comparable with that of the levels of the stream flow.
Third, there must be no significant difference in chemical composition that cannot be
explained by some local pollution source which has a limited effect. Fourth where
there are connecting tributary aquifers or foodplain alluvium of ephemeral streams,
the boundary of the “subflow” zone must be at least 200 feet inside of that connecting
zone so that the hydrostatic pressure effect of the side recharge of this tributary
aquifer is negligible and the dominant direction of flow is the stream direction. Fifth,
where there is a basin-fill connection between saturated zones of the floodplain
Holocene alluvium and a saturated zone of basin fill, the boundary of the “subflow”
zone must be 100 feet inside of the connecting zone so that the hydrostatic pressure
effect of the basin-fill’s side discharge is overcome and the predominant direction of
flow of al of the “subflow” zone is the same as the stream’s directional flow.%°
(Underlining in original.)

The Supreme Court held that “the [trial] court based its ruling on evaluation of the pertinent
factors set forth in Gila River Il for delineating the subflow zone.”®® The Court, foreshadowing
similar arguments made in this proceeding, held:

At oral argument, the groundwater users questioned...what role, if any, the
criteria that we set forth in Gila River 1l and that the tria court used will play in
determining subflow in different locations. The criteria that the trial court articulated
were elaborations of, but consistent with, the more general criteria set forth in Gila
River 11. Thetrial court properly applied these criteriato the San Pedro River basinin
order to determine the most appropriate subflow zone, and the weight of the evidence
supports the trial court’s identification of that zone as the “saturated” floodplain
Holocene alluvium.®!

8 |d. a 57.

81d. a 57-58; see 198 Ariz. a 337-8, 9 P.3d at 1076-7.
%198 Ariz. at 337, 9 P.3d a 1076.

1198 Ariz. a 341-2, 9 P.3d at 1080-1.
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The trial court considered each of the criteria specified in Gila Il, and determined they are
met within the saturated floodplain Holocene alluvium. The trial court did not simply identify or
formulate a set of more specific criteria or parameters to delineate the subflow zone. The Supreme
Court affirmed thisorder in al respects.

The Special Master finds that the criteria specified in Gila IV to delineate the subflow zone
have aready been taken into account in the Supreme Court’s holding that the saturated floodplain
Holocene alluvium is the subflow zone.

This determination means that ADWR is required to apply the same criteria when it cannot
delineate the subflow zone utilizing the procedures approved by the trial court. ADWR may find
stream segments where the procedures approved by the trial court are insufficient to delineate the
subflow zone with the requisite accuracy and reliability. In those situations, Gila 1V directs that
ADWR must consider “insofar as they apply and are measurable,” the “detailed criteria set forth in
the trial court’s order,” and may consider “other criteria that are geologically and hydrologicaly
appropriate for the particular location.”? ADWR should report the reasons for selecting any other
criteria it found appropriate for the location.

Recommendation 11: The Court should adopt the finding that the criteria specified in Gila
IV to delineate the subflow zone have been taken into account in the Supreme Court’s holding that
the saturated floodplain Holocene aluvium is the subflow zone.

Recommendation 12: The Court should direct ADWR to use the criteria specified in Gila IV
and any other criteria that are geologically and hydrologically appropriate for the particular location

to delineate the subflow zone, if ADWR is unable to do so with the requisite accuracy and reliability

92198 Ariz. at 342, 9 P.3d at 1081.
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utilizing the procedures approved by the Court. ADWR should report the reasons for selecting any
other criteriait found appropriate for the location.

E. Should ADWR'’s subflow analysis consider predevelopment or current stream
flow conditions?

This question was briefed prior to the hearing. On September 8, 2003, a proposed ruling was
issued subject to modification after considering the evidence presented at the hearing. The ruling is
modified based on subsequent evidence and arguments.

Parties argue that Judge Goodfarb, the Arizona Supreme Court, and Judge Ballinger have
decided this issue. One party argues Judge Ballinger decided the issue in his January 22, 2002, order
directing ADWR to prepare areport that:

shall include...a method for including both perennial and intermittent streams as part

of the subflow analysis, including streams that historically contained perennial or

intermittent flows, but which now are ephemeral due to development and other human

initiated actions. The Court...expects the department to formulate a proposal using

readily available historical data that will permit determination of water levels and

locations as of date(s) prior to widespread diversion and depletion of Arizona’s stream

flows. %

Judge Ballinger’ s directions to ADWR to present a “method” and “formulate a proposal” to
delineate the lateral limits of the subflow zone in the San Pedro River Watershed do not constitute a
ruling on this issue. Even considered in its entirety, the January 22, 2002, order cannot be interpreted
to say that the trial court ruled predevelopment conditions should be used for the subflow analysis.
The tria court gave directions to ADWR as to what the department was to present in its
recommendations. The trial court did not decide thisissue in that order.

In the proposed ruling, the Special Master stated that aclose reading of the trial court’s

orders, Gila ll, and Gila IV does not show this issue was presented to the trial court or to the Arizona

Supreme Court or “that it was decided by either court with definiteness and clarity, that it can be said

% Ballinger Order 1-2.
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the law of the case was set.”®* The parties arguing that the issue of predevelopment vs. current
conditions was presented to the trial court and to the Supreme Court, and both courts decided the
issue, point to what has been called the “ephemeral stream exclusion” or “exception” and to the trial
court’s definition of an intermittent stream. The Special Master believes exception fits better than
exclusion.
The Ephemeral Stream Exception

The exception is set forth in the second principle Judge Goodfarb found was necessary to

define the subflow zone:
[The subflow zone] may not be adjacent or beneath an ephemeral stream.

However, it may be adjacent or beneath an ephemera section of a perennial or

intermittent stream, if the ephemeral section is caused by adjacent surface water

diversion or groundwater pumping. There must, however, be a saturated zone beneath

connected to similar zones beneath the upper and lower perennia or intermittent

stream sections.*°

The Cities argue that ADWR and they presented expert reports and testimony to the trial
court, during the 1987 and 1994 hearings, indicating that in some river segments the
groundwater/surface water connection had ceased to exist or had been severed due to development of
water resources, and therefore, wells within these ephemeral reaches should be excluded from the
adjudication. Furthermore, it is implicit in the ephemeral stream exception that current conditions
must be used for the subflow analysis because the exception applies “if the ephemeral section is
caused by adjacent surface water diversion or groundwater pumping,” and these activities did not
occur in predevelopment times. According to the Cities, the exception requires, at a minimum,

determination of its applicability, and at a maximum, delineation of the subflow zone using current,

not predevelopment, stream flow conditions. Because the Supreme Court affirmed the trial court’s

% Special Master’s Order Determining Issues 1 Through 4, 3.
% Goodfarb Order 35.
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order in its entirety including the principles, it is argued the law of the case was set, and the point of
law is binding on the trial court under the doctrine of stare decisis.%

In his 66-page ruling with 36 pages of exhibits, Judge Goodfarb did not amplify or explain
the exception, and re did not repeat it in the summary of his findings. The order does not shed light
on the reasons for the exception

The Cities presented copies of pages of some of the briefs they and the Nature Conservancy
filed in the Arizona Supreme Court related to the Gila Il and Gila IV appeas.®” The Nature
Conservancy’s Gila Il opening brief (May 15, 1992) stated in pertinent part:

It would be a difficult task at best for the trial court to attenpt now to reconstruct what

happened to surface water appropriations as a result of subflow withdrawals

throughout the Gila River System. Put another way, practicalities make it difficult to

apply the proper test for “subflow” back to the point of restoring streams long ago

depleted without formal objection registered (or litigation brought) by those who had

prior appropriations in those streams. Instead, the most practical approach may simply

be to exclude from the adjudication those wells in areas where the surface streams

have aready been completely, essentially permanently, depleted. Such areas would

include, for example, the Santa Cruz River near Tucson, the lower Salt, and the lower

GilaRivers.%®

The Cities briefs filed in the Arizona Supreme Court in Gila Il (May 15, 1992) and Gila IV
(May 15, 1995) discussed the lack of hydraulic connection in ephemeral streams as a result of
surface water diversions and groundwater pumping. The pages of the Gila Il opening brief described
the severing of hydraulic connection in the Lower Salt River due to the construction of dams,

urbanization, and groundwater pumping. The pages from the Gila IV brief described how ephemeral

streams can be caused by the severing of hydraulic connection as a result of human activity, and

% The doctrine embodies the “principle that a decision made in one case will be followed in the next.” A.
SCALIA, A MATTER OF INTERPRETATION: FEDERAL COURTSAND THE LAW 7 (1997).

%7 Cities Subflow Post-Hearing Opening Brief, exs. 9, 10, 11 (Mar. 3, 2004). SRP’s objections to these
exhibits were denied, but consideration of exhibits 10 (May 15, 1992, brief) and 11 (May 15, 1995, brief) was
limited to the Cities' assertion that the issue of applying current, not predevel opment, stream conditions to the
ephemera stream exception was presented to the Arizona Supreme Court.

*1d. ex. 9 at 57-58.
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argued that because there is no hydraulic connection between the stream and a groundwater aquifer,
wells pumping within these ephemeral reaches do not impact subflow or stream flow.

The Supreme Court did not discuss the ephemera stream exception in Gila IV. The word
“predevelopment” appears only once in that opinion, in footnote 4 referring to the Nature
Conservancy’s proposal to define the subflow zone by the geographic area phreatophytes had
occupied in predevelopment times. “ Current” also appears once in footnote 5 used as a noun.

Next the Cities claim that the trial court’s definition of an intermittent stream (adopted from
ADWR’s Technical Assessment as stated on page 25 of this report) shows the court ruled subflow
analysis must se current conditions. The pertinent portion of the definition states that intermittent
streams may have periods of reduced groundwater discharge as a result of “natural and cultural
losses” or “uses.”®® The Specia Master finds that the trial court adopted a commonly accepted
definition of an intermittent stream.

The Soecial Master has carefully reviewed the papers, reports, and exhibits and has spent
much time on this issue. The conclusion is that the Cities, the Nature Conservancy, and ADWR
discussed before the trial court and, except ADWR, before the Arizona Supreme Court the
requirement of hydraulic connection between the surface stream and the groundwater aquifer to
define the subflow zone and the lack of hydraulic connection in certain streams, for example, the
Lower SAlt River and the Santa Cruz River near Tucson as a result of surface water diversions and
groundwater pumping. The Cities asserted their position that hydraulic connection between the

surface water and the groundwater aquifer in the Lower Salt River has been altered as a result of

% Goodfarb Order 24.
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human activities, and therefore, wells within the ephemeral reaches of the Lower Salt River are not
withdrawing subflow. %

The Special Master concedes the Cities have argued, and well, this position not only before
the trial court but also before the Supreme Court and the Special Master.!®* The Special Master
cannot find, however, that the trial court ruled, and was affirmed by the Supreme Court, that subflow
analysis must consider current and not predevel opment stream flow conditions, entitling the affirmed
ruling © stare decisis. Judge Goodfarb’s order shows he was deliberate with words and analysis,
respectful of the needs for explanations of “reviewing appellate courts,” and cognizant of the trial
court’s “duty to provide as much detail as it can to explain the factual decisions made.”*%? Thetrial
court did not explain the exception and Gila IV provides no assistance with the search for an answer.
The Specia Master cannot conclude that the unexplained exception decided this issue as a principle,
precedent, or point of law in this adjudication.®® Neither the trial court nor Gila IV has decided
whether ADWR' s subflow analysis should consider predevel opment or current conditions.

The Special Master believes that in order to give effect to the plain language of the exception,
and incorporate it into the subflow analysis, the applicability of the exception must be determined
using post-development conditions. Under this view, a well will not be subject to the adjudication, if

it meets all of the following conditions:

1% The condition described in the Lower Salt River may not exist to the same degree in other watersheds. Mr.
Briggs declared, “[i]n the Verde Valey thisis not a significant issue as there are no major upstream dams, nor
has there been major groundwater development and overdraft.” Philip C. Briggs Rebuttal Decl. § 11a (June
27, 2003).

19 gee Affidavit of Doug Toy, P.E. in Cities Response to ADWR'’s Subflow Report ex. 2 (June 17, 2002).

192 Goodfarb Order 64.

1% Francis v. Ariz. Dept. of Transp., Mot. Veh. Div., 192 Ariz. 269, 271, 963 P.2d 1092, 1094 (Ariz. App.
1998); City of Bisbee v. Cochise Co., 52 Ariz. 1, 6, 78 P.2d 982, 984 (1938); see Sate ex rel. La Prade v. Cox,
43 Ariz. 174, 30 P.2d 825 (1934). An instructive decision on the law of the case doctrine is Sate v. King, 180
Ariz. 268, 278-9, 883 P.2d 1024, 1034-5 (1994), cert. denied, 516 U.S. 880 (1995). Arizona recognizes the
law of the casedoctrine as arule of procedure not substance.
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1. The well is located within an ephemeral section of a perennia or intermittent
stream,

2. The ephemeral section of the perennia or intermittent stream is or was caused by
adjacent surface water diversion or groundwater pumping and not by climate or
watershed changes,** and

3. There is no saturated zone beneath the ephemeral section that is connected to

'similar. sﬁurated zones beneath the upstream and downstream perennia or

intermittent sections.

The Specia Master recommends that ADWR investigate and tabulate all wells that are or
may be subject to the ephemeral stream exception. In this manner, the exception is reconciled with
using predevel opment conditions for the subflow analysis.

Predevelopment Conditions

The parties who favor using current stream flow conditions argue that information of
predevelopment conditions is unavailable, inconsistent, unverifiable, and unreliable making subflow
determinations uninformed guesswork that does not satisfy the clear and convincing evidentiary
standard; predevelopment conditions cannot be recreated after decades of surface water diversions
and groundwater pumping; and using predevelopment conditions will result in an expanded subflow
zone a odds with the “narrow concept” of subflow long adhered to by the Arizona Supreme Court.%®

Those in favor of predevelopment conditions argue that additional evidence is available in
other sources such as historical reports and maps; using current conditions would unfairly advantage
claimants who have been pumping subflow without water rights, with unquantified water rights, or
without regard for prior vested surface water rights and if current conditions are used, claimants at

the end of ADWR'’s watershed investigations would gain an unfair position because their claims will

be adjudicated years from now when the subflow zone may be depleted.

194 Mr. Michagl J. Lacey discussed the exception in his rebuttal declaration and pointed out the distinction
between human activity and natural changes. Michael J. Lacey Rebuttal Decl. 6 (June 27, 2003).
195175 Ariz. at 391, 857 P.2d at 1245.
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A standard that satisfies all of these objections is a chronological point of reference:

1. That can be applied consistently, although the specific time period may vary from
watershed to watershed;

2. For which evidence is available to delineate the lateral extent of the subflow zone
as accurately and reliably as possible; and

3. That overcomes unfair practicalitiesdue to the slow progress of the adjudication.

Predevelopment conditions are a consistent chronological point of reference that meets these
criteria. The discrete time period will not be the same for al watersheds, but predevelopment
conditions are the most consistent and fairest reference point for subflow analysis.

The experts expressed different opinions about the quality and quantity of available evidence
to evaluate predevelopment stream flow conditions. An example are the views about the USGS Atlas
(which ADWR proposes to use) that shows the location of predevelopment perennial streams and
predevelopment water level contours. Dr. Montgomery and Mr. Anderson expressed concerns about
the quality of the sources of information used to compile the Atlas.® On the other hand, Mr. Briggs
used the Atlas as a source of predevelopment groundwater elevations data.'®’ Mr. Gookin
recommended that additional sources be studied and professional historians retained to assist with
this part of the investigations. Mr. Briggs declared, “I disagree that a predevelopment stbflow zone
cannot be delineated. There is ample scientific and [anecdotal] evidence available to use to delineate
a predevel opment subflow zone in the Salt River Valley.”'% The Special Master concludes that more
and better evidence of predevelopment conditions can be obtained, and the effort to obtain it must be

made.

1% Errol L. Montgomery and Thomas W. Anderson Decl. 11 (June 17, 2002).
197 philip C. Briggs Decl.  7i (June 17, 2002).
1% Phjlip C. Briggs Rebuttal Decl. § 11a(2) (June 27, 2003).
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ADWR has not had an opportunity to obtain and review additional maps, reports, and
documents suggested by the experts who submitted declarations; conduct field investigations;
analyze drilling records; and run models. After ADWR submitted the Subflow Report, it found the
NRCS il survey maps which Mr. Burtell testified “would be very useful for our work in the
adjudications.”*® ADWR should be directed and alowed to obtain more concrete and useful
information. Moreover, if adopted by the trial @urt, many of this report’s recommendations will
improve the investigatiors. It is premature to conclude that ADWR cannot obtain reliable evidence
of predevelopment stream flow conditions.

Using predevelopment conditions precludes claimants whose water use claims will be
adjudicated in the later phases of ADWR's watershed investigations from gaining an unfair position

If current conditions are used, claimants at “the back of the line’**°

who are pumping subflow would
benefit because they could continue to withdraw subflow, and years from now their wells could be
found to be outside the subflow zone delineated under then current conditions. This concern is
heightened when claimants who are pumping subflow or stream flows without an appropriative water
right are considered. The slow progress of investigations and adjudication of water usesisareality
that must be weighed in this discussion.

The concern that using predevelopment conditions might result in more wells included in the

adjudication than under current conditions is unmerited. The subflow zone will remain as narrow as

the saturated floodplain Holocene aluvium.

199 Hrg. Tr. 15:25 (Oct. 21, 2003).

19 SRP’s Opening Brief on Legal Issues 4 (June 6, 2003). While SRP argues claimants would “race to” the
back of the investigations line, the fact is that at the pace this adjudication has been proceeding due to a
variety of factors, there is not much immediacy for claimants outside of the San Pedro River Watershed “to
race.”
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The time period selected to define predevelopment conditions will influence the accuracy and
reliability of subflow determinations. Parties have suggested various years or periods to define
predevelopment conditions:

1. 1848, the year the United States and Mexico signed the Treaty of Guadalupe
Hidalgo (on February 2, 1848).

2. Post-1865 (after the Civil War).

3. Prior to about 1900 for surface water in highly developed watersheds.

4. 1931, the year Southwest Cotton was decided.

5. Prior to about 1940 for groundwater in highly developed watersheds.

6. February 17, 1978, the date Phelps Dodge filed a petition with the Arizona State

Land Department to adjudicate water rights in portions of the Lower Gila River

Watershed and the Upper Gila River Watershed including the San Francisco River,

Chase Creek, and Eagle Creek.'!!

Selection of a date or period nmust consider the feasibility of obtaining the requisite technical
data and evidence; potential delay and expense of those efforts and of subsequent investigations;
level of accuracy and reliability of the subflow analysis; confidence of meeting the clear ad
convincing evidentiary standard; and fairness.

In its January 22, 2002, order, the trial court provided an appropriate time frame for defining

predevelopment conditions that satisfies these concerns, namely, “prior to widespread diversion and

depletion of Arizona's stream flows”'? The word “widespread” is defined as “widely

1 on April 19, 1978, Phelps Dodge supplemented this petition to include additional lands in the Lower Gila
River and Upper Gila River Watersheds. In 1979, the petitions were transferred to the Arizona Superior Court.
1979 Ariz. Sess. Laws, ch. 139, § 39 (effective Apr. 17, 1979).

112 Bdlinger Order 2.
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extended...occurring over a wide area or extent.”'® The term indicates greater than minimal,
localized, or sporadic diversion and depletion of stream flows as aresult of human activity.

The evidence is not sufficient to select one of the dates or periods advocated by the parties.
The Special Master believes the evidence together with the factors listed above favor selecting a date
or period after 1865 and before 1940. The Specia Master recommends that the discrete time period
be an approximate chronological year or a range of years immediately prior to widespread diversion
and depletion of a stream’s flows as a result of human activity. The chronologica year or range of
years will not be the same for all watersheds.

Recommendation 13: The Court should direct ADWR to use predevelopment stream flow
conditions for subflow analysis.

Recommendation 14: The Court should direct ADWR to investigate and tabulate all wells
subject to the ephemeral stream exceptionset forth in the trial court’s June 30, 1994, order.

Recommendation 15: The Court should define predevelopment stream flow conditions, for
the purpose of subflow analysis, to mean a chronological year or a range of years immediately prior
to widespread diversion and depletion of the stream’s flows as a result of human activity.

F. Does ADWR’s recommendation that the entire lateral extent of the floodplain
Holocene alluvium be assumed to be saturated comport with Gila1V?

ADWR recommends “that the entire lateral extent of the floodplain Holocene aluvium be
assumed to be saturated for the purpose of delineating the jurisdictional subflow zone”'** The

recommendation is based on the limitations of available data, variability of saturation of the

1% WEBSTER S NEW WORLD DICTIONARY OF AMERICAN ENGLISH 1526 (3d ed. 1988); cf. A.R.S. § 1-213 relating to
statutory construction (*Words and phrases shall be construed according to the common and approved use of
the language.”).

114 subflow Report 13.
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floodplain Holocene aluvium, and the trial court’s request to consider predevel opment stream flow
conditions. ADWR explains:

Determination of the saturated portion of the floodplain Holocene aluvium requires
data on two subsurface conditions:

The thickness of the floodplain Holocene aluvium; and
The depth to the water table beneath the floodplain.

However, the two conditions indicated above cannot be determined with
reasonable means in the San Pedro River watershed or elsewhere in the Gila River
adjudication area. The thickness of the floodplain Holocene alluvium and the depth to
the water table beneath the floodplain are highly variable, both spatialy and
temporally, and this makes the determination of saturation difficult. In many areas of
the Gila River adjudication, detailed subsurface data for the floodplain simply do not
exist or are limited, and additional data would have to be collected and analyzed at
considerable cost and time. In the few areas where extensive subsurface data have
been collected, it is often still difficult to define variations in the thickness of the
Holocene aluvium across the floodplain and changes in the elevation of the water
table over time.*®

Concerning the thickness of the floodplain Holocene alluvium, ADWR gives an example of a
“very costly” USGS hydrogeologic project in the Sierra Vista Subwatershed. Although the USGS
used “very sophisticated and expensive geophysical and lithological data, the actual thickness of the

116 |n “the remainder of the

Holocene aluvium could not be determined with any degree of certainty.
San Pedro River watershed and most of the Gila River adjudication area, well driller's logs will
likely be the only source, if any, of subsurface geologic data for the floodplain,” and “[t]he accuracy
of this data is questionable.”*!” “This lack of reliable data prevents the thickness of the floodplain

Holocene aluvium from being determined with any certainty.”**®

115 I

18 |4 g 14,
17 d.
Y18 1d. a 15.
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Regarding the water table beneath the floodplain, ADWR states there “is a lack of reliable
data concerning the depth to the water table,” which “is further exacerbated by the dynamic nature of
the floodplain aquifer system,” as “the water table sometimes chang[es] rapidly in response to storm
runoff events and evapotranspiration by plants, and sometimes chang[es| slowly due to the effects of
droughts and wet periods, seasonal differences, and pumping.”*'® These “variations are not unique to
recent times, but apparently also occurred during predevelopment conditions.”*°

Saturation or how much water is stored in the floodplain Holocene alluvium can vary. Dr.
Matlock defined the terms as follows:

“Saturated alluvium would be alluvium of which the pores are completely filled with

water. Unsaturated would be a condition in which they’re not completely filled with

water,”12!

Mr. Burtell testified, ‘[t]here are times when it will be saturated and there are times when it's
possible that it will not be saturated.”*?? Mr. Harmon testified that the saturated extent of the
floodplain Holocene aluvium “can change from year to year. It can change within a season with all
types of recharge, inputs, discharge, different inflows and outflows....can change maybe from day to
day....perhaps [from hour to hour] if you have a lot of wells turning on and off.”*?® Saturation is
dynamic.

ADWR believes its proposal is consistent with using predevel opment stream flow conditions
for subflow analysis because “[b]y definition, floodplain Holocene alluvium was saturated at some

point in predevelopment time.”*?* The floodplain Holocene alluvium consists of sediments deposited

under flood flow conditions. It, therefore, was saturated at the time floods deposited the sediments,

119 Id

120 Id

I Hrg. Tr. 211:6-8 (Oct. 21, 2003).
22 1d. at 43:9-11.

123 |, a 350:18-25 (Oct. 22, 2003).
124 Subflow Report 17.
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but for how long thereafter and to what extent the saturation lasted is debated. Mr. Ford declared that
“the only processes that reduce the lateral extent of saturation from the historic maximum limit are
human activity and climate cycles.”*?® On the other side, Mr. Lacey testified, “[i]t would not have
been saturated once the flood flows had receded.”*?°

Mr. Page declared that ADWR’s recommendation “is reasonable based on available water
level data that suggests the depth to water in the floodplain Holocene aluvium is very shalow,
indicating only a thin margin along the edges of this unit may be unsaturated.... [O]nly athin upper
portion of the floodplain Holocene alluvium is unsaturated....”

Resolving this issue is not easy. It would be wasteful to direct ADWR to do something that is
not feasible, but it would be foolish to sidestep the law in arush to expediency. The issue is whether
the recommendation comportswith Gila V. The Special Master finds it does not.

The Clear and Convincing Evidentiary Standard

After reviewing the trial court’s order which had sought “to determine the most appropriate
subflow zone,” the Supreme Court affirmed the order holding that “the weight of the evidence
supports the trial court’s identification of that zone as the ‘saturated’ floodplain Holocene
aluvium.”*?® Gila Il and Gila |V emphasize that the test to delineate the lateral extent of the subflow
zone must not be “defective’ or “flawed.” Gila Il admonishes that using a defective test “would
adversely affect the adjudication” because “errors in every HSR” would have to be litigated,

exacerbating “an aready lengthy and costly process,” and a flawed test “could cause significant

125 Jon R. Ford Dedl. 1 14c (June 17, 2002).

2% Hrg. Tr. 417:7-8 (Oct. 22, 2003).

27 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 16 (June 17, 2002).
128 108 Ariz. at 342, 9 P.3d at 1081.
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injustice.”*?° Gila IV is more direct - “it is critical that any test used for determining the boundaries
of a subflow zone be as accurate and reliable as possible.”**°

The test must be so robust because one “who asserts that underground water is apart of a
stream’s subflow must prove that fact by clear and convincing evidence.”*3! Only clear and
convincing evidence will rebut the presumption that underground waters are percolating, and are
therefore, not appropriable as subflow. If ADWR uses the proper test to delineate the lateral extent of
the subflow zone, “its determination that a well is pumping appropriable subflow constitutes clear
and convincing evidence.”*%?

Parties have argued throughout this proceeding that ADWR'’s proposed procedures, in whole
or in part, do not satisfy the clear and convincing evidentiary standard associated with the
presumption that underground waters are percolating and are not appropriable as subflow. Of all the
issues litigated, this is the only one that, in the Special Master’s opinion, requires that its resolution
closely review the clear and convincing standard.

In Arizona, aparty who has a burden of proof by clear and convincing evidence must show
that the claim is “highly probable.”**? In the adjudication, when ADWR reports a well is pumping
appropriable subflow, the report is considered to be a determination that it is highly probable the well

IS pumping appropriable subflow from the saturated floodplain Holocene aluvium. The standard “is

more exacting than the standard of more probably true than not true but is less exacting than the

129175 Ariz. at 388, 857 P.2d at 1242.

%0198 Ariz. at 335, 9 P.3d at 1074.

31 |d.; seealso 39 Ariz. at 85, 4 P.2d at 376 (Southwest Cotton).

132 175 Avriz. at 392, 857 P.2d at 1246.

%% gate v. Renforth, 155 Ariz. 385, 388, 746 P.2d 1315, 1318 (Ariz. App. 1987); Satev. King, 158 Ariz. 419,
763 P.2d 239 (1988); Recommended Arizona Jury Instructions (Civil) 3d Standard 10 (“A party who has the
burden of proof by clear and convincing evidence must persuade you by the evidence that the claim is highly
probable....”) (“RAJ Civil Standard 10”).
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standard of proof beyond a reasonable doubt.”*3* Under Renforth and King, the highly probable
standard does not require that ADWR'’ s determination be either certain or unambiguous.

The Specia Master finds that the recommended assumption will not satisfy the clear and
convincing standard. The assumption is expedient and likely less costly to implement than
alternatives. The evidence, however, shows saturation fluctuates even in predevelopment conditions,
and athin upper portion of the floodplain Holocene aluvium is unsaturated.

To include a well in the adjudication, it is not enough to determine it is highly probable the
entire lateral extent of the floodplain Holocene alluvium was saturated at some point. It must be
shown it is highly probable the well is pumping subflow from the saturated floodplain Holocene
alluvium. If the well owner disputes this assessment, the owner has the burden of proving by a
preponderance of the evidence that the well is outside the subflow zone or is not withdrawing
subflow.

Valid technica efforts must be undertaken to determine the saturated portion of the
floodplain Holocene aluvium. The department avows it “has very limited resources available” to
fund ongoing hydrogeologic projects or to obtain data.*> Mr. Burtell described projects ADWR is
undertaking or funding to collect more data in the San Pedro River Watershed and testified, “there is
a tremendous amount of information that continues to be collected for that area”!*® Mr. Briggs
declared “ADWR’ s proposed approach to delineation of the subflow zone to be far too conservative,
pleading lack of data. While these data may not currently exist for every mile of Holocene alluvium,

the data exist where there are wells (and hence a need to know). Where these data exist, they should

Y RAJ Civil Standard 10.

% Subflow Report 14.

% Hrg. Tr. 54:23-25 (Oct. 21, 2003). “The Sierra Vista subwatershed has been, and continues to be, one of the
most studied areas in Arizona by geologists and hydrologists.” Subflow Report 13.
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be used.”**” ADWR may not have at this point sufficient information with the desirable level of
detail, but it is striving to remedy this situation This campaign must continue, and if necessary
intensified. The task will not be ssmple, but the Special Master believes, after considering all the
evidence, that the saturated portion of the floodplain Holocene alluvium can be established by clear
and convincing evidence.

Recommendation 16: The Court should not adopt the recommendation that the entire |ateral
extent of the floodplain Holocene alluvium be assumed to be saturated for the purpose of delineating
the subflow zone.

Recommendation 17: The Court should direct ADWR to determine the saturated portion of
the floodplain Holocene alluvium as accurately and reliably as possible.

G. Are ADWR’s recommendations sufficient to identify and exclude tributary
aquifers, basin fill saturated zones, and ephemeral streams?

The subflow zone must “be differentiated from adjacent geologic units such as tributary
aquifers and the basin-fill agquifer which discharge into it or receive discharge fromiit....”**® Thetria
court found this concept is necessary to define subflow consistent with Southwest Cotton, Gila 11,
and the scientific evidence the court had heard.

Subflow must be part of the surrounding floodplain of a stream but cannot be part of the
aluvia plains of either a tributary aquifer (even if there is an aluvial connection between the
tributary aquifer and the floodplain Holocene alluvium of the stream) or of an ephemeral stream. The
trial court ruled:

Those parts of the aluvia plain which [subflow] may be a part of or which it is

connected to must be the alluvia plain of aperennia or intermittent stream and not an

ephemeral stream or a part of the alluvial plain of atributary aquifer even if thereisan
alluvia connection. Where the aluvia plain of tributary aquifers or ephemera

37 philip C. Briggs Decl. T 7g (June 17, 2002).
% Goodfarb Order 34.
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streams connects to the floodplain Holocene aluvium of the stream itself and provides

tributary or basin fill recharge, that tributary aguifer must also be excluded because its

flow direction is different and often perpendicular to the stream-flow direction.®

(Emphasisin order.)

The trial court added these two criteria so that “more certainty and reliability” would be
provided to the definition of subflow:

Fourth, where there are connecting tributary aquifers or floodplain aluvium of

ephemeral streams, the boundary of the “subflow” zone must be at least 200 feet

inside of that connecting zone so that the hydrostatic pressure effect of the side

recharge of this tributary aguifer is negligible and the dominant direction of flow is

the stream direction Fifth where there is a basin-fill connection between saturated

zones of the floodplain Holocene alluvium and a saturated zone of basin fill, the

boundary of the “subflow” zone must be 100 feet inside of the connecting zone so that

the hydrostatic pressure effect of the basin-fill’s side discharge is overcome and the

predominant direction of flow of all of the “subflow” zone is the same as the stream’s

directional flow. 4% (Underlining in order.)

Flow direction in the subflow zone must not be significantly affected by the pressure of side
discharge from adjacent tributary agquifers or the basin fill aquifer. The water in the subflow zone
must flow “substantially in the same direction as the stream, and the effect of any side discharge
from tributary aquifers and basin fill is overcome or is negligible.”*** The 100-foot and 200-foot
setbacks overcome or substantially reduce the effects of side discharge. Gila NV affirmed these
rulings.

ADWR does not explicitly recommend procedures to exclude tributary aquifers, areas of
basin fill recharge, and the alluvial plains of ghemeral streams. A group of parties argues that

ADWR should be directed to propose procedures that take into account these exclusions from the

subflow analysis.

1391d. a 57.
140 |d. at 57-58.
¥1d. a 57.
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The Subflow Report sets forth ADWR's proposed procedures to identify perennial,
intermittent, and effluent-fed streams and delineate the lateral extent and saturated portion of the
floodplain Holocene alluvium.*? Because methodologies to locate tributary aquifers, areasof basin
fill recharge, and ephemeral streams are not proposed, and ADWR’s recommendations relate to the
floodplain Holocene alluvium of a stream and its saturated portion, it can reasonably be concluded
that ADWR will exclude tributary aquifers, areas of basin fill recharge, and ephemeral streams from
the subflow analysis. The Special Master believes ADWR understands the exclusions described in
the trial court’s order and affirmed in Gila IV, but for certainty recommends that ADWR exclude
from the subflow zone connecting tributary aquifers, areas of basin fill recharge, and the aluvial
plains of ephemeral streams.

Recommendation 18: The Court should direct ADWR to exclude tributary aquifers, areas of
basin fill recharge, and the alluvial plains of ephemeral streams from the subflow zone.

Recommendation 19: The Court should adopt Chapter 2 of the Subflow Report to the extent
it does not conflict with any other recommendation made in this report.

[II.  CONE OF DEPRESSION (Chapter 3 of the Subflow Report)

A. Does ADWR’s recommended drawdown of greater than or equal to 0.1 foot,
wher e the cone of depression has reached the edge of the subflow zone, comport with GilalV?

ADWR proposes to include awell in the adjudication if, at the time of the modeling, two
conditions are met. The “first condition is that the simulated cone of depression has reached the edge
of the jurisdictional subflow zone and drawdown at that point is greater than or equal to 0.1 foot, an

amount that can be accurately measured in the field using standard water level measuring

142 Subflow Report 5.
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equipment.”**® The second condition is discussed in the next section. The distance of 0.1 foot is 1
and 1/5 (or 1.2) inch.

Gila IV affirmed the trial court’'s order that wells located outside the lateral extent of the
subflow zone “may be included in the adjudication if ‘it is proven that their ‘cones of depression”
[footnote omitted] reach the “subflow” zone and the drawdown from the well affects the volume of
surface and “subflow” in such an appreciable amount that it is capable of measurement.’ "4
ADWR'’s recommendation addresses how to measure an appreciable amount.

Because it lacked pertinent evidence, the trial court did not establish a test for determining a
well’s cone of depression but ruled that “whatever test ADWR finds is realistically adaptable to the
field and whatever method is the least expersive and delay-causing, yet provides a high degree of
reliability, should be acceptable.”'* As Gila IV affirmed the trial court’s order in its entirety,
ADWR’s recommendation will comport with Gila 1V if it satisfies these criteria

Computer modeling is gererally accepted in the scientific community to measure water
impacts.'*® Messrs. Briggs, Ford, Harmon, Lacey, Page, Marra, Dr. Mock, Dr. Montgomery, and
ADWR have, and use, computer modeling in their professional work. These experts and ADWR
have used analytical and numerical models for a variety of projects, and different models are used for

different purposes, but the point is that professionals, including nost of the experts who testified in

this proceeding, use modeling as a tool to measure hydrologic impacts.

4% Qubflow Report 31. “The cone of depression is the funnetshaped area around a well where the withdrawal
of groundwater through the well has lowered the water table.” 198 Ariz. at 342-3n.9, 9 P.3d at 1081-2 n.9; see
also 175 Ariz. a 391 n.10, 857 P.2d at 1245 n.10.

144198 Ariz. at 342-3, 9 P.3d at 1081-2.

%5 1d. at 343, 1082 (quoting Goodfarb Order 62).

Y% Hrg. Tr. 79:18-25 - 80:1:5 (Oct. 21, 2003); 315:8-11 (Oct. 22, 2003).
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ADWR recommends using computer modeling to measure the impact of a well’s cone of
depression on the subflow zone. ADWR does not give reasons for selecting a 0.1 foot drawdown
level, but Mr. Ford posited that:

ADWR is proposing it because the Theis equation extends the cone of depression an

infinite distance with an infinitesimally small drawdown. Thus, some practical

drawdown cutoff is required. Using professional judgment, ADWR decided that the

radius at 0.1 foot of drawdown represents the practica limit of the cone of

depression. 14
According to Mr. Ford, awell’s cone of depression extends beyond the point where an impact of 0.1
foot is measured. ADWR has simply selected 0.1 foot to represent the limit of the cone of depression.

Reliability of Modeling a 0.1 Foot Drawdown

The principa objections against ADWR'’s proposal go to the reliability of modeling a0.1 foot
drawdown at the edge of the subflow zone. First, although a computer program, like the THWELLS
model ADWR proposes to use, will simulate a 0.1 foot drawdown, this predicted or smulated
drawdown will not match the actual drawdown measured in the field. Second, it is not possible to
determine that a drawdown of 0.1 foot is due to a specific well’s pumping because recharge,
phreatophytes, pumping from other wells, surface water diversions, changes in river stage, and
diurnal flow variations can cause aquifer drawdowns that cannot be isolated from the impact of a
particular well. The objectors argue that this lack of reliability will not satisfy the clear and
convincing evidentiary standard ADWR must meet to determine that a well’ s cone of depression has
reached the subflow zone.

ADWR cautions that:

It is important to remember that the accuracy of model simulations will in most, if not
all, cases be far less accurate than the ability to measure drawdown in the field.

47 Jon R. Ford Rebuttal Decl. T 21 (June 27, 2003). ADWR proposes to use the THWELLS model, an
analytical model described in chapter 3, section C, of this report, which is based on the Theis equation. The
other model is a numerica model named MODFLOW a so described in the same section.
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Simulated water levels from even the most carefully calibrated MODFLOW models
are typically no closer than + 5 to 10 feet from the actual water levels measured in the
fidd. And, unless water level data are available at the pumping well and at the edge of
the jurisdictional subflow zone, it will be difficult to determine if the model
simulations are overestimating or underestimating the true drawdown at these
points.**® (Emphasis added.)

The objectors focus on the underlined sentence to show the disparity between ssimulated and
measured drawdowns even when using the most carefully calibrated MODFLOW model. It is not
argued that field technicians cannot measure a drawdown of 0.1 foot in the field with standard
hydrologic instruments. Although the trial court stated in 1994 that it “believes such close
measurements [as a 0.1 foot drawdown] are difficult, at best, in the field,”'*° the testimony did not
substantiate this belief. Mr. Mason testified that ADWR’s technicians can measure in the fied a
well’s drawdown to 0.1 foot, and in some cases, even down to 0.01 or .05 of afoot.**® Theobjection
isthat a computer model’ s simulated drawdown will not match the field measured true drawdown.

The MODFLOW model divides an aquifer into rectangular blocks which are then organized
by rows, columns, and layers. Each block is called a cell. MODFLOW can consider numerous cells.
Mr. Ford declared that:

[E]ach cell can have only a single value for each required parameter. The model

assumes the water level in a given cell is everywhere the same. Therefore, if the cell

size is such that the actual water level varies five to ten feet across the cell, the model

cell value would vary from field values by the five to ten feet cited.*>*

A difference between a value representing a cell and a field measurement “does not imply error” but

“means that the average value for the area represented by the cell size is different than at a point

1% Subflow Report 31-32.

9 Goodfarb Order 62.

% Hrg. Tr. 68:9-14 (Oct. 21, 2003). Dr. Montgomery testified, “[i]t’s easy to measure a change in water level
of atenth of afoot if that change occurs over a short period.” 1d. at 120:6-7.

31 Jon R. Ford Rebuttal Decl. 1 66 (June 27, 2003).
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within the model cell.”**? Dr. Mock likewise opined, “I doubt that the 5-10 foot number is from the
comparison of simulated to measured drawdowns, as opposed to the comparison of simulated to
measured water-level elevations for a specific location.”*>® A difference of five to ten feet in
drawdown may not necessarily be found at every locationwithin the cell or test area.

Mr. Ford expressed his opinion about the reliability of the MODFLOW model as follows:

If MODFLOW could not be more accurate than plus or minus 10 feet in its

ability to predict the head distribution or drawdown in an aquifer, it would be of little

use. However, MODFLOW is widely used in both the environmental engineering and

ground water supply communities to analyze extremely complex situations. Federal

agencies...rely upon the ability and accuracy of MODFLOW. So do many state

agencies that are concerned about ground water contamination and water rights
administration. >*

Dr. Montgomery and Mr. Anderson declared:
While modéd projections have a high level of precision, they are not necessarily
accurate. Model projections can only be as accurate as the hydraulic parameter values

used for model input. Relatively small changes in ing)ut parameters may result in
substantial changes in model projections for drawdown. *>°

Dr. Mock similarly declared about the importance of reliable parameter values:

Thels and MODFLOW...models can accurately caculate drawdowns to the
hundredth of a foot or better, given acceptable parameter inputs. The real concern
should be for the parameters used in these models.**°

According to Mr. Mason, a computer model’s uncertainty arises from the many parameters

the modeler is adjusting such as hydraulic conductivity, saturated thickness, and storage coefficient,

2 1d. a 751

153 Peter A. Mock Rebuttal Decl. 7 (June 27, 2003).

5% Jon R. Ford Rebuttal Decl. 152 (June 27, 2003).

% Errol L. Montgomery and Thomas W. Anderson Rebuttal Decl. 17 (June 27, 2003).

%% peter A. Mock Rebuttal Decl. 7 (June 27, 2003). Messrs. Harmon and Palumbo declared, “Briggs
recommends that well information [in ADWR’s records] such as well depth, water levels, water quality,
should be used in helping to determine whether any individual well should be subject to the Adjudication. We
agree with this statement.” Eric J. Harmon and Mark R. Palumbo Rebuttal Decl. 32 (June 27, 2003).
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but once these are defined by calibration, Mr. Mason agreed that “drawdown can be fairly accurately
predicted.”*>’

Gila 1V requires that the cone of depression test must yield results with a high degree of
reliability. Under the clear and convincing evidentiary standard, ADWR'’s determination that awell’s
cone of depression impacts the subflow zone means it is highly probable the cone of depression has
reached the edge of the subflow zone. The Special Master finds that a computer model’s simulation
of a greater than or equal to 0.1 foot drawdown can satisfy the degree of reliability required by Gila
IV and the highly probable standard of clear and convincing evidence. The requisite reliability will
depend, as Dr. Mock and Dr. Montgomery stated, on the quality and quantity of parameter inputs. A
focused and reasonable effort to collect and use reliable data and information must be made if a high
degree of riability is to be attained.

Alternatives to a 0.1 Foot Drawdown

Dr. Montgomery and Messrs. Harmon, Palumbo, and Anderson suggested a drawdown of ten
feet. This level is based on ADWR’'s well spacing and impact standards, for wells in active
management areas, of ten feet of drawdown over the first five years of operations, to determine well-
to-well impacts.’®® Dr. Montgomery also suggested five to ten feet based on the drawdown that can
be reliably simulated with MODFLOW according to ADWR's statements in the Subflow Report.

Mr. Ford declared that:

In the case of well-to-well interference, the usual issue is whether a new well would

significantly reduce the yield of a nearby existing well. In that case, well yield is not

particularly sensitive to (affected by) drawdown, so a 10-foot criterion may be
appropriate. In the case of determining the radius of the cone of depression, a 10-foot

criterion is not appropriate because...the radius of the cone of depression is very
different if the drawdown criterion is different by only a small amount.**®

7 Hrg. Tr. 72:18-21 (Oct. 21, 2003).
%8 Temporary Rule R12-15-830 (Well Spacing and Well Impact) (Mar. 11, 1983); see A.R.S. § 45-598(A).
%9 Jon R. Ford Rebuttal Decl. 1 69 (June 27, 2003).
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According to Mr. Ford, ADWR’s well spacing standards are not intended to determine if a
well’s cone of depression impacts the subflow zone, but to determine if a well will interfere with
another well. The standards relate to a well’s pumping lift. Measuring a well’s potential interference
with a nearby well is, however, not the same as measuring the impact of a cone of depression on the
subflow zore in accordance with Gila V.

Mr. Gookin testified that if a ten-foot drawdown standard were adopted, “[b]y the time this
adjudication is done, it would destroy the stream.”*®® Mr. Page declared that “if all wells were
subject to this standard the San Pedro River would become an ephemeral stream.”!®* This
consequence is due to the fact that a well’s cone of depression extends farther out than the point
where a tenfoot drawdown is measured. A well will withdraw water from the subflow zone long
before aten-foot drawdown level is reached.

Mr. Gookin suggested a maximum drawdown of 0.25 foot, but only if 0.1 foot is found “to be
too tight a measurement.”*®? Because the Special Master does not find that 0.1 foot is too tight a
measurement for a cone of depression test, a 0.25 foot drawdown is not considered.

Mr. Briggs recommended implementing a concept often used to investigate the feasibility of
recovering contaminated groundwater called “capture zone.” The capture zone is the area where
pumping the well depresses water levels. “All groundwater within the capture zone ultimately
reaches the pumped well,” but “[a]ll groundwater outside the capture zone, even if within the ‘cone
of depression,” escapes the effect of the well and continues down gradient.”*®® Mr. Briggs posited

that “drawdown” is not the issue, but “capture” of water by awell isthe trial court’s concern.

190 Hrg. Tr. 315:23-24 (Oct. 22, 2003).

*L Oliver S. Page Rebuttal Decl. 10 (June 27, 2003).

82T Allen J. Gookin Rebuttal Decl. ch. X1, 2 (June 27, 2003); see also Peter A. Mock Rebuttal Decl. 8 (June
27, 2003).

183 philip C. Briggs Decl.  8a (June 17, 2002).
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Messrs. Harmon and Palumbo found the concept “confusing in the context of this

Adjudication,” athough it “does appear to be valid.”'%* Mr. Ford declared that:
Although capture analysis would demonstrate that a well is depleting the

Subflow Zone, capture analysis is not by itself sufficient, because places likely exist

where a pumping well located outside the Subflow Zone induces water to leave the

Subflow Zone that is not captured by the well even though the Subflow Zone is still

depleted. Furthermore, Mr. Briggs does not provide a method for performing the

capture zone analysis. In my experience, some sort of drawdown analysis is first

required in performing a capture zone analysis. Thus, Mr. Briggs suggestion that

ADWR perform capture zone analysis would require more effort, not less,**®
Dr. Montgomery and Mr. Anderson opined that capture zone analysis considers the “presence or
absence of a groundwater divide” rather than “drawdown at the edge of the subflow zone.”*® The
issue of a groundwater divide in the cone of depression analysisis discussed in the next section The
Specia Master finds that although capture zone analysis may be a method to measure the impact of a
well on the subflow zone, there is insufficient evidence in the record to conclude that ADWR’s
recommended procedures should be rejected in favor of capture zone analysis.

Economy and Expediency

ADWR'’s proposed cone of depression test must also be evaluated alongside the alternatives
in order to determine which is the least expensive and delay-causing method. Alternatives presented
consisted of using monitoring wells rather than modeling, and second, adopting higher drawdown
levels that allegedly can be ssimulated more accurately than 0.1 foot.

Dr. Montgomery and Mr. Anderson recommended that “monitor wells should be used to

determine if, and or when, the hydraulic gradient is inclined downward from the subflow zone

toward a pumping well.”**” To determine if the hydraulic gradient is continuously inclined

184 Eric J. Harmon and Mark R. Palumbo Rebuttal Decl. 33 (June 27, 2002).

1% Jon R. Ford Rebuttal Decl. 27 (June 27, 2003).

1% Errol L. Montgomery and Thomas W. Anderson Rebuttal Dedl. 16 (June 27, 2003).
71d. & 18.
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downward from the subflow zone to a well, according to Dr. Montgomery, ADWR should drill

monitor wells near the subflow zone and measure water levels in these and other wells. He estimated
two monitor wells for each existing well would be appropriate to determine if the hydraulic gradient
has reversed.'®® Dr. Montgomery could not estimate the number of wells that would have to be
drilled and at what cost. As there are nearly 6,500 wells in the San Pedro River Watershed,° at least
more than 6,500 monitor wells would have to be drilled. Mr. Marra testified that determining the cost
of drilling and setting up a monitor well is “a difficult question to answer because monitor wells can
be designed for different reasons and they can be designed at different depths and all of these factors
will be involved in making an estimate of the cost,” but he estimated the cost of drilling two wells to
monitor a one thousand gallons per minute well with a depth to water of 300 feet “could range from
$25,000 to $30,000.”*"° A consideration for such a project is that landowners might deny access for

drilling wells.

ADWR has stated it “does not currently have the resources to conduct cone of depression
tests across wide areas of the Gila River adjudication” even using modeling.1”* During the past three
years, ADWR has made the trial court, Special Master, and parties well aware of its weak budget
situation. The Specia Master finds that for reasons of cost, implementation, and delay such a well
monitoring project is neither feasible nor practical and would not satisfy Gila IV's criteria of
economy and expediency.

After considering the extensive evidence presented on this issue, the Special Master finds that

computer modeling is an appropriate, workable, and reliable method to conduct cone of depression

1%8 Hrg. Tr. at 133:24 - 136:13; 154:20 - 155:2 (Oct. 21, 2003).

199 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 30, 32 (June 17, 2002). Dr. Mock characterized
this alternative as “the largest hydrogeologic field investigation program in human history....” Peter A. Mock
Rebuttal Decl. 36 (June 27, 2003).

7% Hrg. Tr. 443:3-12 (Oct. 22, 2003); cf. W. Gerald Matlock Rebuttal Decl. T 11(m) (June 27, 2003).

! Subflow Report 22.
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tests, and second, ADWR'’s recommended drawdown of greater than or equal to 0.1 foot drawdown
comports with Gila IV. The modeling of a simulated drawdown of greater than or equal to 0.1 foot is
realistically adaptable to the field, is the least expensive and delay-causing method, and provides a
high degree of reliability. This finding is valid as long as ADWR strives to obtain reliable data and
information to safeguard the requisite reliability of the cone of depression test. The cone of
depression tests must not be allowed to become unreasonably theoretical exercises. There must be an
ongoing reasonable effort to obtain and use reliable data for the model’ s parameters.

Recommendation 20: The Court should adopt ADWR’s recommended drawdown of greater
than or equal to 0.1 foot where awell’s cone of depression has reached the edge of the subflow zone.

Recommendation 21: The Court should direct ADWR to obtain and use reliable data and
information on an ongoing basis to safeguard the reliability of the cone of depression test.

B. Does ADWR’s recommended condition that the water level in a well be below the
water level in the subflow zone during pumping comport with GilalVv?

ADWR recommends that a well be included in the adjudication if at the time of modeling,
“the water level in the wel is below the water level in the jurisdictional subflow zone during
pumping. If the water level in the well is above the water level in the jurisdictional subflow zone

during pumping, the well cannot be pumping subflow.”72

(Italicsin report.)

Messrs. Harmon and Palumbo declared that, “[i]n order for a well to withdraw appropriable
subflow, the groundwater gradient must flow from the subflow zone to the well over the entire
distance between the subflow zone and the well.”*"® Dr. Montgomery and Mr. Anderson declared

that ADWR “has incorrectly indicated that if the cone of depression reaches a stream, and if [the]

pumping groundwater level at the wel is lower than the stream, then the well is drawing

2 subflow Report 31.
78 Eric J. Harmon and Mark R. Palumbo Decl. 36, Figs. 1-3 (June 17, 2002).
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groundwater from the stream” because “[€]ven if the cone of depression reaches the stream, water is
not drawn from the stream and/or subflow, unless an inclination of hydraulic gradient is
demonstrated to occur continuowsly across the distance from the stream to the pumping well.”*"
(Underlining in declaration.) These experts submitted conceptual diagrams showing situations where
the water level in awell is below the water level in the subflow zone, or a well’s cone of depression
has reached the subflow zone, but the well is not withdrawing subflow.

Messrs. Harmon, Palumbo, Anderson, and Dr. Montgomery believe ADWR must show that
the hydraulic gradient between the well and the subflow zone has reversed. In other words, the
gradient flows downward continuously from the subflow zone to the well rather than flowing from
the well down to the stream. Another way of expressing this point is to say that the groundwater
divide, “the point at which groundwater either goes to the well or to the river, has reached the
subflow zone.”*™ In short, whether a well’s cone of depression depletes subflow or stream flow
depends on the direction and magnitude of the hydraulic gradient between the stream and the well.

To determine if the hydraulic gradient is continuously inclined downward from the subflow
zone to a well, according to Dr. Montgomery, ADWR should drill monitor wells near the subflow
zone and measure water levels in these and other wells. Dr. Montgomery estimated two monitor
wells for each existing well would be appropriate to determine if the hydraulic gradient has
reversed.>’® Dr. Montgomery could not estimate the number of wells that would have to be drilled
and at what cost. As there are nearly 6,500 wells in the San Pedro River Watershed,’’ at least more

than 6,500 monitor wells would have to be drilled. This well monitoring project has been previousy

described, and the Special Master has found that for reasons of cost, implementation, and delay, such

" Errol L. Montgomery and Thomas W. Anderson Decl. 20, Figs. 1-8 (June 17, 2002).
® Hrg. Tr. 116:14-16 (Oct. 21, 2003).

78 |d. at 13324 - 136:13; 154:20 - 155:2 (Oct. 21, 2003).

Y7 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 30, 32 (June 17, 2002).
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a project is neither feasible ror practical and would not satisfy Gila IV's criteria of economy and
expediency.

Mr. Ford disagrees with ADWR'’s second condition because pumping from a well whose
cone of depression reaches the subflow zone, even if the hydraulic gradient has not been reversed,
“will induce some amount of water to exit the subflow zone.”*"® That amount of water will not enter
a well whose water level is above that of the subflow zone, but will travel downstream generaly
parald to the subflow zone. According to this view, kecause some appropriable water has been
induced out of the subflow zone, even when the water does not flow toward the well whose cone of
depression has entered the subflow zone, the well should be included in the adjudication. Dr.
Montgomery and Mr. Anderson disagreed with Mr. Page's declaration that subflow leaves the
subflow zone as soon as awell’ s cone of depression expands to the subflow zone.

Mr. Ford declared that adoption of ADWR’s condition “would require DWR to measure the
water levels in each individual well, which is problematic” because “[pJumping levels are somewhat
difficult to measure, and they often vary seasonally and with irrigation return flows or other
recharge,” and “the construction of many wells makes it virtually impossible to measure their
pumping levels.”t™

Mr. Mason, manager of ADWR’s Groundwater Modeling Section, testified regarding
ADWR’s proposed cone of depression test. He testified that ADWR proposes “three criteria,” the
first two being the two previously stated conditions, ard the third is that the groundwater divide has

reached the subflow zone.*&°

178 Jon R. Ford Decl. 1 19b (June 17, 2002).
91d. a 7 19c.
% Hrg. Tr. 116:10-16; 77:5-10 (Oct. 21, 2003).
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Dr. Mock and Mr. Gookin did not find ADWR'’s second condition useful and suggested a
way to make it less confusing. Dr. Mock declared that the condition “is acceptable” only “[a]s long
as the level of the jurisdictional subflow zone up to its entrance into the basin of interest is

181 1t “is difficult to conceive of a well that won’'t meet this ‘ second condition

considered. because
“al wells in a basin containing a subflow zone will have water levels below the stage of the river at
the point where it enters the basin.”*82 Mr. Toy declared that this concept ignores the existence of
natural hydraulic boundaries “such as bedrock boundaries’ that “can limit or prevent subflow from
the head of a basin ever reaching certain basin areas,” and secondly, natural, incidental, and artificial
recharge (such as Central Arizona Project water and effluent).*®® Dr. Matlock declared the “concept
ignores the fact that wells draw water from several other sources.”8*

The trial court found seven principles necessary to define the subflow zone (the first five are
discussed in chapter 2, section D). The seventh principle, which covers thisissue, is: “Wells located
outside the lateral parameters of the defined ‘subflow’ zone are not included unless it is proven that
their ‘cones of depression reach the ‘subflow zone and the drawdown from the well affects the
volume of surface and ‘ subflow in such an appreciable amount that it is capable of measurement.”*°

This principle has two elements, first, the well’s cone of depression has reached the subflow zone,

and second, the well’ s drawdown affects subflow and stream flow in a measurable amount.

'®1 Peter A. Mock Decl. 26 (June 17, 2002).

82 1. at 27. Mr. Gookin shares this view declaring that “[a]ny well outside the subflow zone should be
deemed to be taking subflow once the piezometric (water table) surface of that well drops below the water
elevation of the river entering the individua valley in consideration.” T. Allen J. Gookin Decl. sec. 3, 3 (June
17, 2002).

'8 Doug Toy Rebuttal Decl. 2, 3 (June 27, 2003).

18 W. Gerald Matlock Rebuttal Decl. 1 15(1) (June 27, 2003).

1% Goodfarb Order 36. In the summary of its findings, the trid court stated that in order to include in the
adjudication awell located outside the subflow zone, there must be a finding that the well’ s cone of depression
“has now extended to a point where it reaches an adjacent ‘subflow’ zone, and by continual pumping will
cause aloss of such ‘subflow’ asto affect the quantity of the stream.” 1d. at 66.
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The trial court described the testimony of Dr. Montgomery and Messrs. Ford ad Page
regarding reversal of hydraulic gradient:

As Montgomery admitted, stream depletion occurs as soon as the “cone of
depression” reaches the stream, even though it may be some time before the hydraulic
gradient at the river is reversed, and may be many years before a particle travels from
the stream to the well. (citation to transcript omitted). Ford and Page contend that
streamflow depletion first takes place when the cone intersects the stream, not when
the hydraulic gradient is reversed or the molecule of streamflow is gected by the well.
(citations to transcript omitted). It is beyond dispute that even before the gradient is
reversed, a measurable drawdown at the stream’s “subflow” zone necessarily results
in water leaving the zone in order to fill the void which has been created by the well.
Ford's Report, (citation omitted) [when the cone intersects the “subflow” zone, it
“induces] subflow to leave (deplete the Subflow Zone and the stream”)]. This is true
even where the gradient has not been reversed everywhere between the well and the
stream.*®® (Emphasis added.)

Gila 1V affirmed the trial court’s order in all respects and held that a well located outside the
subflow zone will be included in the adjudication if “the well’s cone of depression extends into the
subflow zone and is depleting the stream.” 18

The Special Master interprets the trial court’s ruling and its affirmance in Gila 1V to hold that
hydraulic gradient reversal, or that the gradient is continuoudly inclined from the subflow zone to the
well, isnot required to determine if awell’ scone of depression iswithdrawing appropriable subflow.
A cone of depression test, however, must yield results with a high degree of reliability, and although
gradient reversal is not required under Gila IV to include a well in the adjudication, its consideration
will increase the reliability of a questionable cone of depression test. ADWR should proceed with its
proposal to investigate water levels in wells and in the subflow zone during pumping and the extent

of hydraulic gradient reversal, but the trial aourt should not adopt ADWR'’s second condition as a

requisite for including a well in the adjudication

18 |d. a 61.
187 108 Ariz. at 343, 9 P.3d at 1082.
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Recommendation 22: The Court should not adopt as a condition to include awell in the
adjudication that the water level in the well is below the water level in the subflow zone during
pumping.

Recommendation 23: The Court should not adopt as a condition to include a well in the
adjudication that the hydraulic gradient is continuously inclined from the subflow zone to the well.

C. What is the accuracy and reliability of analytical (THWELLS) and numerical
(MODFLOW) modelsfor the cone of depression test?

ADWR proposes to use both analytical and numerical models for the cone of depression tests.
Models are sets of mathematical flow equations whose solutions yield simulations of the behavior of
aquifers in response to stresses. ADWR recommends using an analytical computer-based program
called THWELLS (van der Heijde, version 4.01, 1996) to evaluate a well’ s cone of depression where
“the aguifer system is less complex and the flow equations can be solved directly using calculus.”*8®
ADWR recommends that a numerical model called MODFLOW (McDonald and Harbaugh, 1988;
Harbaugh and McDonald, 1996) “only be used to evaluate the cone of depression of awell in special
circumstances where, based on the conceptual model, the aquifer system is exceedingly complex and
the flow equations can only be solved by recasting them in algebraic form.”*®® ADWR does not
indicate what percentage of the cone of depression tests will be done using each model.

ADWR has considered economy and expediency to select a computer-based modd it believes

will yield simulations with a high degree of reliability in different aguifer systems. In support of its

recommendations, the department explains that:

1% Qubflow Report 28; app. G of the report contains a description of the THWELLS program.
189 1d. at 29; app. H of the report contains a description of the MODFLOW program. “Currently, MODFLOW
is the most widely used program in the world for smulating ground-water flow.” Id. app G, Fact Sheet, 1.
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1. Analytica models “can be constructed relatively quickly” using commercially available
computer software such as THWELLS, %

2. “[D]evelopment of numerical models is till a very time consuming process that requires
substantial field data to justify its use and to properly calibrate.”*%*

3. Both models will give approximate solutions to the mathematical flow equations used in
each program.

The testimony €licited the following regarding THWELLS and MODFLOW:

1. Mr. Mason, manager of ADWR’s Groundwater Modeling Unit, testified that an analytical
model assumes an isotropic homogereous ajuifer (as opposed to heterogeneous).'? There are
aquifers in the San Pedro River Watershed that are not homogeneous. In aquifers where the * geology
or the hydrology [is] complicated,” ADWR would use a numerical model.®3

2. Mr. Mason testified that an analytical model assumes an aquifer has an infinite areal
extent.2®* On the other hand, a numerical model divides an aquifer into rectangular blocks which are
then organized by rows, columns, and layers. Each block is caled a cell. THWELLS assumes a
sngle model cell or block in infinite dimensions, while MODFLOW can consider numerous cells.
Dr. Montgomery and Mr. Anderson declared that “both tributary aquifers and Holocene aluvial

aquifersin Arizona stream valleys are of limited rather than infinite extent.”*%

9d. at 29.

191 Id

%2 Hrg. Tr. 98:16-18 (Oct. 21, 2003).

198 1d. a 93:16-18; 116:3-5. Mr. Burtell, for example, testified that in a preliminary appraisal of the water
development potential of a mine in Tombstone, located in the San Pedro River Watershed, he had
recommended using a numerical model due to the mine' s bedrock aquifer system. 1d. at 45:19-46:5.

%4 1d. a 98:19-20.

% Errol L. Montgomery and Thomas W. Anderson Decl. 23 (June 17, 2002). They also declared that “[flew
aquifers may approach homogeneous conditions.” 1d.
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3. A greater number of cells allows a numerical model to account better than an analytical
model for geologic deposits (such as inliers, relic fan deposits, or bedrock) that come through but are
not floodplain Holocene alluvium because these deposits can be anticipated with individual cells.*%

4. In a numerical model, each well can be placed in its own cell and its cone of depression
analyzed. Such acell “could be very small.”*%’

5. The greater the number of cells used in a numerical model the higher is the likelihood of
data entry errors and the difficulty of managing the information 1%

6. In anumerical model, athough it would be difficult to implement, cells can be included or
excluded (“turned on and off”) fromdifferent test runs.*

7. Mr. Mason testified that “with THWELLS’ the modeler uses “whatever data you have
available,” and “you really can't calibrate’” THWELLS.?® Cdlibration is a way to see if the model
applied to a field situation is an acceptable representation.

8. A numerical modedl such as MODFLOW is calibrated with hydrologic or well information
obtained from field investigations or reliable sources, and is run until its results agree with the
calibrating data (“until the model agrees with the real world”).?%

9. Dr. Mock declared it is not true “that only numerical models should be calibrated,” and
“[c]alibration should be required of both analytical and numerical models.”%%?

10. Both THWELLS and MODFLOW “require information for aquifer hydraulic parameters

of hydraulic conductivity and storage coefficient, saturated thickness of the aquifer, pumping rate of

1% Hrg. Tr. 165:14-23 (Oct. 21, 2003).

71 d. a 166:2-9; 88:7-11.

1% |d. at 88:7-11; see also Jon R. Ford Rebuttal Dedl. 1112, 13 (June 27, 2003).

%9 Hrg. Tr. 88:17-23; 166:22-167-6 (Oct. 21, 2003).

291d. a 81:20-21.

201 1d. at 69:23-24; 81:23.

292 pPeter A. Mock Decl. 26 (June 17, 2002); Messrs. Harmon and Palumbo agreed with this opinion.
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the well, duration of pumping, and distance from the well to the point where drawdown is to be
estimated.”?%® The Subflow Report describes how the department plans to obtain and use these data.
The information is not aways available or reliable, and its interpretation may require considerable
professional judgment and expertise.

11. Mr. Ford testified that THWELLS “doesn't take into account very well the effects of
phreatophytes’ or of recharge from either precipitation or basin fill aguifers.?®* Recharge includes
artificial recharge.

12. Dr. Mock tedtified it could cost “in the range of $250,000 to $500,000 to develop” a
MODFLOW model for either the upper or lower portions of the San Pedro River Watershed.?% This
estimate is to develop the model and does not include some operational costs such as sensitivity
analysis. His “rough approximation” for a similar THWELLS mode is “[p]erhaps half the cost.”?%

The parties split between those who favor using exclusively a numerical model for the cone
of depression test, and those who believe ADWR has the expertise to select the appropriate model for
an aguifer system and should be allowed to do so. ADWR uses both analytical and numerical models
in its statutory activities. It has developed numerical models for the San Pedro River Watershed. In
the Fina San Pedro River Watershed HSR (1991), ADWR presented a MODFLOW anaysis
assessing the cumulative impact of eight municipal water companies on the aquifers near Fort
Huachuca and the San Pedro Riparian National Conservation Area.

Mr. Harmon testified that:

There may be physical situations where the geology is fairly smple. The hydrology is

not complex. There are not a lot of recharge inputs or discharge outputs; and in that
case the analytic model might be just fine....

29 Errol L. Montgomery and Thomas W. Anderson Decl. 21 (June 17, 2002).
2% Hrg. Tr. 260:7-18 (Oct. 22, 2003); 107:1-5 (Oct. 21, 2003).

2% 1d. a 405:17 (Oct. 22, 2003).

2% 1d, a 406:14-16.
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In other instances and | think in my opinion many instances the geology is
complex, heterogeneous. There are lots of inputs and outputs, gradients to the water

table which may be in multiple directions and slopes. In that instance, it would

probably take awell-calibrated MODFLOW model with good data to back it up....

QUESTION. So it will be different depending on the situation.

ANSWER. | believe it would.?’

Responding to when THWELLS or MODFLOW should be used, Mr. Ford testified:

[1]t depends on the situation. There may be places where it makes very little

difference whether you use THWH.LS, MODFLOW. THWELLS in my view would

be far less expensive to utilize. | think in those cases then THWELLS should be used.

| think DWR has the ability to make those professional decisions....>%®

Because ADWR recommends modeling for the cone of depression test, whether an analytical
or a numerica model will be used is a critica component of the cone of depression test. The
selection must be subjected to the criteria set forth in Gila IV for the cone of depression test, namely,
the model should be (1) “readlistically adaptable to the field,” (2) “is the least expensive,” (3) the least
“delay-causing,” and (4) “provides a high degree of reliability.” %

The evidence does not support a finding that ADWR should use a numerica model or
MODFLOW as the exclusive model for the cone of depression test. The evidence shows an
analytical model is valid for a cone of depression test where the aquifer system is homogereous,
hydrologic conditions are simple, and the required information is reliable. For those aquifer systems,

an analytica model like THWELLS would be the least expensive and delay-causing model,

realistically adaptable to the field, that will provide highly reliable results.

297 1d, a 368:17-369:5.

298 1d. a 266:17-20; Messrs. Harmon and Palumbo declared, “[t] he possible use of these two models in cone of
depression analyses is not an issue. However, the proper selection of one model or the other in the analysis of
a particular well isa significant issue.” Eric J. Harmon and Mark R. Palumbo Decl. 30 (June 17, 2002).

299 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order 62).
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The evidence, however, shows that a numerical model such as MODFLOW will provide a
higher degree of reliability than an analytica model when the aquifer system is heterogeneous or
when an analytica model cannot take into account very well certain conditions, for example,
phreatophytes and artificial or natural recharge.

ADWR has the expertise and experience to conduct cone of depression tests. The department
should be alowed to exercise its best professional judgments and technical anaysis to utilize the
most appropriate model that satisfies Gila IV's criteria for the cone of depression test. ADWR
should, however, undertake an ongoing program to collect and obtain reliable information to use in
the cone of depression tests. Regarding calibration, the Special Master finds that analytical and
numerical models can be calibrated, calibration increases the reliability of results, and accordingly,
ADWR should calibrate both models wherever feasible.

The mgjority of the experts expressed a preference for numerical models. The Special Master
believes ADWR should use MODFLOW or a numerical model wherever there is professional doubt
that THWELLS will not yield reliable results. Economy and expediency should not win over
appropriate and prudent professional decisions, as what is gained today could be lost tomorrow in
increased litigation over flawed assumptions or inadequate work. The decision to switch from an
analytical to a numerical model in aparticular situation should not be finessed.

Recommendation 24: The Court should adopt ADWR'’s proposal to use both analytical
(THWELLS) and numerica (MODFLOW) models for the cone of depression tests.

Recommendation 25: The Court should direct ADWR to implement promptly any new
versions of THWELLS or MODFLOW, if they will provide more reliable results.

Recommendation 26: The Court should direct ADWR to calibrate wherever feasible both

the analytical and numerical models used for the cone of depression tests.
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Recommendation 27: The Court should direct ADWR as part of its investigations to collect
and obtain reliable information for the cone of depression tests.

D. Is ADWR’s recommendation that the impact of a well be measured “at the time

th 210

of the modeling” < “scientifically valid?

ADWR recommends that the impact of a well on the subflow zone be measured at the time
ADWR does the cone of depression test. ADWR proposes o run the cone of depression test for a
well beginning on the date the well was constructed and ending on the date the modeling is done.?*!
The test will not measure the future impact of a cone of depression. After the time of modeling, the
well’s cone of depression could stabilize, expand into the subflow zone, or decrease if, for example,
the well is capped. These effects occur gradually.?*? ADWR's test is called transient state modeling.

The Subflow Report does not give ADWR’s reasons for the recommendation. Mr. Mason
provided a reason when he testified that ADWR'’s proposal does not include future impacts of a well
“because we don’'t know what’s going to happen in the future.”3

The parties favoring measuring future impacts argue that a well may not impact the subflow
zone on the day ADWR does the cone of depression test, but the well may do so in the near future.
Therefore, not measuring future impacts will result in many wells being excluded from the
adjudication even though they will pump subflow at a future time. Although these wells could be
retested later, these parties argue that ADWR may not have the resources to do ongoing cone of

depression tests in the same watershed, and second, claimants should not be burdened with

prosecuting enforcement actions to bring those wells into the adjudication.

19 qbflow Report 31.

1 Hrg. Tr. 115:18-23 (Oct. 21, 2003).

?2 See Goodfarb Order 59-60; seealso T. Allen J. Gookin Dedl. sec. 3, 1-2 (June 17, 2002).
% Hrg. Tr. 90:1-5; 102:22-23 (Oct. 21, 2003).
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The parties on the other side of this issue argue that, as Mr. Mason testified, the future is
unknown, and pumping histories and water uses can vary over time; consideration of time of
pumping is not necessary as long as data obtained from monitoring wells shows the groundwater
gradient has reversed; and wells presently not pumping appropriable subflow would be improperly
included in the adjudication on the ground they may impact the subflow zone at a future time.

Parties presented three alternatives for the length of simulations that will account for future
impacts: (1) a fixed period such as five, ten, or twenty years,?** (2) the timing of maximum
drawdown at the subflow zone,?'® and (3) modeling to steady state conditions. '

The five-year period is related to ADWR's well spacing standard of ten feet of drawdown
over five years to determine if a well will interfere with another well in an active management area.
Measuring a well’s potential interference with a nearby well is, however, not the same as measuring
the impact of a cone of depression on the subflow zone in accordance with Gila 1V's holdings, and
moreover, a tenfoot drawdown would be measured long after a well’s cone of depression has
induced water out of the subflow zone.

Only Dr. Montgomery and Mr. Anderson declared in favor of using a period of ten or twenty
years, and their evidence was limited to the statement that, “this period is sufficiently long to exclude
wells that pump small amounts but is sufficiently long to assure that most large-scale pumping wells

would be included in the adjudication if the cone of depression reaches the edge of subflow.”?* Dr.

24 Errol L. Montgomery and Thomas W. Anderson Decl. 8, 25 (five years) (June 17, 2002); Errol L.
Montgomery and Thomas W. Anderson Rebuttal Decl. 25 (ten and twenty years) (June 27, 2003).

15 peter A. Mock Decl. 26 (June 17, 2002); see Errol L. Montgomery and Thomas W. Anderson Rebuttal
Decl. 24 (June 27, 2003) for their opinion that Dr. Mock “believes...model projections should be run until at
least the year 2100.”

% Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 25 (June 17, 2002). Mr. Toy testified, “[i]f you
wanted to see the ultimate effect a well had, you would pump it to steady state.” Hrg. Tr. 37:4-5 (Oct. 22,
2003).

27 Errol L. Montgomery and Thomas W. Anderson Rebuttal Decl. 25 (June 27, 2003).
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Mock recommended the timing of maximum drawdown with the declaration that it “would be a
better measure of minimum time for simulation and should be, as the impact on flows will be,
dependent on the local conditions.”?'® No further evidence was presented on these aternatives.

Mr. Page and Dr. Mock criticized ADWR’s time of the modeling and assigning a fixed period
to al smulations because these periods are arbitrary. Underlying this argument is the position that
cones of depression can expand over time, and expanding cones of depression can have substantial
impacts on the subflow zone and aquifers. In its 1994 order, the trial court described some of the
“destructive ability” of cones of depression in desert and semi-desert environments.?*® Under these
experts view, atest that does not consider the future impact of a cone of depression is arbitrary and
“unrealistic” because it “ignores the concept that, eventually, impacts will be felt.”%2°

More evidence was presented regarding the proposal that all ssimulations be run as steady
state or long enough to approximate steady state conditions. Mr. Page explained the benefits of using
a steady state mode!:

The term steady-state refers to an equilibrium hydrologic condition where...an

equilibrium is established between the pumping well, and the amount of water they

pump that is obtained from streams, recharge and underground water storage. In

steady-state, these are constant and do not change over time. Usually long term

average hydrology is used as input. Time is not an input to the model, eliminating the

need to define a specific time period.

This approach...addresses the fact that the period of future use of wells (or
their replacements) cannot be predicted, but is important to the cumulative impact of

wells on subflow. This approach also simplifies the issue of how to assess the impact
of future wells drilled due to growth....

1% Peter A. Mock Decl. 26 (June 17, 2002).
19 Goodfarb Order 59-60.
2207, Allen J. Gookin Rebuttal Decl. ch. X1V 1, 2 (June 27, 2003).
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The use of steady-state simulations as a means for evaluating wells will result
in a greater number of wells that have cones of depression that intersect the subflow
boundary. 2%

Mr. Page declared that steady state simulations are “available to all numerical and some
analytical models.”?*?> (Emphasis added.) It is not known if the steady state simulations are available
for the THWELLS analytica model ADWR proposes to use.

Regarding a steady state model, Messrs. Harmon and Palumbo declared that:

1. The calibration of a steady state model “is, in general, not nearly so rigorous
as the time-varying calibration done in transient modeling” because “time-varying
inputs are Ssimply averaged,” so “generally there is less reliability with the result;”

2. A steady state model “is not able to ssimulate [the] dynamic [hydrologic]
system” in Southwestern deserts, where “ streamflow, precipitation, long-term climate
variation, and water level changes’ are dynamic; and

3. A steady state model “ha[s] no provision for simulating the changes in
ground water storage” resulting “from changes in ground water level and artesian
head.”%?3

The resolution of this issue turns not only on the evidence but aso on Gila IV's holdings. In
GilalV, the Supreme Court affirmed the trial court’s ruling that:

[A] well may be subject to the adjudication if its “* cone of depression caused by its
pumping has now extended to a point where it reaches an adjacent ‘subflow’ zone,
and by continual pumping will cause a loss of such ‘subflow as to affect the quantity
of the stream.”

DWR may seek to establish that a well located outside the limits of the saturated
floodplain alluvium is in fact pumping subflow and is therefore subject to the
adjudication, by showing that the well’s cone of depression extends into the subflow
zone and is depleting the stream.??* (Emphasis added.)

2 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 25-26 (June 17, 2002).

222 1d, a 25.

#23 Eric J. Harmon and Mark R. Palumbo Rebuttal Decl. 22 (June 27, 2003).

224 108 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order 8). The ruling is based on the trid court’s
seventh principle discussed in chapter 3, section B, of this report.
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The Special Master interprets this holding and the pivotal underlined words to mean that a
well will be subject to the adjudication if (1) ADWR determines the well’s cone of depression has
already extended, and not that it may in the future extend, into the subflow zone, and (2) if the well,
after its cone of depression has extended into the subflow zone, continues to be pumped, stream flow
will be affected appreciably and directly. This holding does not support using a cone of depression
test that projects the future impact of a cone of depression. The cone of depression test, under Gila
IV, is to determine if a well’s cone of depression has “now” extended to the subflow zone and “is
depleting the stream.”

Considering the evidence only, the Special Master finds that it is insufficient to conclude that
cone of depression simulations using afixed period of five, ten, or twenty years projected into the
future will yield more reliable results than either ADWR'’s time of the modeling or any other set
period of years. The Specia Master further finds that if the future impact of a cone of depression is
excluded as a consideration, the evidence is insufficient to conclude that a steady state model will
yield more reliable results than ADWR'’ s proposed time of the modeling cone of depression test. The
Special Master finds that ADWR’s recommendation to measure the impact of a well at the time of
the modeling is scientifically valid.

Although Gila 1V and the evidence do not support rejecting ADWR’s recommendation, the
impact of expanding cones of depression must be taken into account. The hydrologic reality that
cones of depression can grow and substantially impact the subflow zone and aguifers cannot be
overlooked.

The Specia Master recommends that ADWR be directed to complete additional cone of
depression tests in a watershed at a time to be determined by the trial court or the Special Master that

is appropriate to identify old or new wells that impact the subflow zone at that time. Because cone of
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depression tests are labor intensive, the additional tests may exclude wells, even ones previousy
tested, under guidelines adopted by the trial court or the Special Master.

Recommendation 28: The Court should adopt ADWR'’s recommendation that the impact of
awell be measured at the time of the modeling.

Recommendation 29: The Court should direct ADWR to complete additional cone of
depression tests in a watershed at atime to be determined by the trial court or the Special Master that
is appropriate to identify old or new wells that impact the subflow zone at that time. The additional
tests may exclude wells, even ones previously tested, pursuant to guidelines adopted by the trial court
or the Special Master.

E. Should ADWR recommend a methodology to evaluate the impact of wells
perforated below an impervious formation within the limits of the subflow zone?

The department does not recommend a methodology. The partieswho briefed this issue do
not believe ADWR needs to recommend a methodology, and no evidence was presented which could
provide one. Mr. Page declared that a “method is needed,” and “[s]tudies by the USGS and others
have shown that wells are likely to affect the flow of the river, but may not result in identifiable
drawdown in the floodplain aluvium,” but hardly any evidence was presented on this issue.?*®

The genesis of this issue isGila 1V's holding that:

All wells located in the lateral limitsof the “subflow” zone are subject to the
jurisdiction of this adjudication no matter how deep or where these perforations are
located. However, if the well owners prove that perforations are below an impervious

formation which preclude[s] “drawdown” from the floodplain alluvium, then that well
will be treated as outside the “ subflow” zone.??°

225 Oliver S. Page, Peter M. Pyle, and Jean M. Moran Decl. 26 (June 17, 2002).

226 108 Ariz. at 338, 9 P.3d at 1077. This holding stemmed from the sixth of the seven principles the trial court
deemed necessary to define the subflow zone. The principle was, “[w]ells which are located in but perforated
below the saturated floodplain aluvium aquifer are to be included in the ‘subflow’ component unless these
perforations are proven by their owners to be below a confining zone of impermeable material such as clay as
the inevitable ‘draw-down’ of the well must affect the ‘ subflow zone' above the perforation.” Goodfarb Order
36. The six principles are discussed in chapter 2, section D, and in chapter 3, section B, of this report.
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Because Gila IV makes it clear that the well owner has the burden of proving that a well
though punched in the subflow zone is not withdrawing water from the saturated floodplain
Holocene aluvium but from an aguifer below an impervious formation, the well owner should
formulate and present a methodology. The fact the well owner has this burden of proof does not
mean that the trial court or the Special Master cannot ask ADWR to provide them technical
assistance concerning the merits of a particular methodology.

Recommendation 30: The Court should not direct ADWR to recommend a methodology to
evaluate the impact of wells perforated below an impervious formation within the subflow zone.

F. In addition to analyzing a well’s drawdown at the subflow zone, should ADWR
report the cumulative effect of wells or of groups of wells?

This question was briefed prior to the hearing. A ruling was issued on September 8, 2003,
subject to modification after considering the evidence presented during the hearing. The proposed
ruling is adopted in part and modified in part.

The Special Master determined that a well’s drawdown at the subflow zone shall be analyzed
individually for each well but deferred ruling on whether ADWR should report the cumulative effect
of wells or of groups of wells until after considering the evidence presented at the hearing.

In Gila 1V, the Supreme Court stated that the trial court “recognized that each well must be
separately evaluated ‘to compute drawdown at the “subflow” zone'... We agree with the trial
court.”®?” The trial court fad considered the testimony of Mr. Ford and Dr. Montgomery, who had
“agreed that individual analysis of wells is the most appropriate method to compute drawdown at the
‘subflow’ zone.”®?® Therefore, under Gila IV a well’s impact on the subflow zone must be

individually evaluated for each well, and this portion of the proposed ruling is not modified.

227 198 Ariz. at 343, 9 P.3d at 1082.
228 Goodfarb Order 62.
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The challenging inquiry is whether ADWR should go further after analyzing each well and
report the cumulative effect of wells or of groups of wells. GilalV is slent on thisissue. Dr. Mock’s
declaration highlights the concern some parties emphasize: “The potential exists for hundreds of
wells to individually pass ADWR’s proposed cone of depression test at the current time and yet the
group of wells could collectively have significant impacts on river flows at a later time.”??° Mr. Page
declared that “[w]hile individual wells may not have an instantaneous and measurable effect on
stream flow, they can have a dgnificant impact over time, particularly when combined with the
effects of hundreds of other wells.”#*°

Implicit in an answer to the question are the expectatiors that ADWR will be able to obtain
reliable information about cumulative effect, if any, and that it will be able to do so with atest that
“is redlistically adaptable to the field and...is the least expensive and delay-causing, yet provides a
high degree of reliability....”*3! The realities of these expectations are not clearer today than they
were prior to the hearing.

The Subflow Report does not contain scientific or technical information to form the basis of a
methodology to evaluate cumulative effect, as the report does not directly address this issue, and the
evidence is insufficient to formulate criteria to analyze cumulative effect. The desire of some parties
that ADWR report cumulative effect is well-stated, but how ADWR should undertake the analysis

that “provides a high degree of reliability” is not clear.

229 peter A. Mock Decl. 4 (June 17, 2002); see also T. Allen J. Gookin Decl. sec. 3, 1-2 (June 17, 2002). After
describing the testimony about wells located outside the subflow zone whose cones of depression “could
severely affect the volume of stream flow and the *subflow’ which supported it,” the tria court noted that
“[o]ften those wells had extensive and interconnecting ‘cones of depression.’”” Goodfarb Order 60. Tucson
commented that the “collective impact of many de minimis users’ concentrated in areas with an unusualy
narrow and very shallow subflow zone “could have an appreciable effect on a subflow zone” and
appropriative water right holders. Response to ADWR’s Subflow Report 5 (June 17, 2002).

29 Oliver S. Page Rehuttal Decl. 11 (June 27, 2003).

231 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order 62).
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In this discussion, other important considerations must be weighed. The complexity of cone
of depression analysis involving “numerous assumptions and considerable judgment,”3? the number
of wells that may require individual analysis,?*® and the time-sensitivity of cone of depression tests
dictate thet the task not be overly complicated. ADWR estimates that within the San Pedro River
Watershed “several hundred cone of depression tests would have to be performed,” and “it takes one
person working full time to make about 50 to 60 model runs using THWELLS in one year.”?** The
cone of depression tests should be completed within a practical period of time and must yield results
with a high degree of reliability. Undertaking a comprehensive analysis of cumulative effect, in
addition to individua effects, could impracticably expand the technical investigations and thwart
their success.

In its closing brief, the United States indicated the USGS expects to finish in 2005 a study of
the hydrology of the Sierra Vista Subwatershed that “once completed,” ADWR could use “to
examine the effects of pumping from individual wells and the cumulative effects of pumping from
groups of wells (footnote omitted).”?3> (Underlining in original.) The United States submits that the
study “may provide the answer to the Special Master’s remaining question” about ADWR reporting
cumul ative effect.?3°

At the ora argument, the idea of ADWR doing certain analyses of cumulative effect and

reporting its findings was discussed. The purpose would be to collect data regarding cumulative

2% Subflow Report 21-22.
233 According to Mr. Page, using 2001 data, there are 5,370 de minimis domestic wells (out of 5,413 wells) and
1,066 de minimis stockwatering wells (out of 1,076 wells). In the Fina San Pedro River Watershed HSR,
ADWR, using 1990 data, reported 2,990 de minimis domestic wells and 72 de minimis other uses wells. The
number of wells has increased significantly since 1990. Oliver S. Page, Peter M. Pyle, and Jean M. Moran
Decl. 30, 32 (June 17, 2002).
3 Subflow Report 22, 43,
ZZ U.S. Memo. on Issues Related to ADWR' s Subflow Technica Report 5-6 (Mar. 3, 2004).

Id. a 6.
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effect so that the court’s and the parties understanding would be increased. Whether the findings
will be, or should be, used to adjudicate any water uses is not addressed in this report. If ADWR is
going to do cone of depression analyses, doing a cumulative effect analysis on selected groups of
wells and obtaining observational and scientific information would be useful.

The Specia Master recommends that ADWR select more than one group of wells, analyze
their cumulative effect using the most accurate and reliable analytical or numerica models, and
report the findings regarding cumulative effect, if any. The wells may be owned or used by one or
several claimants, and the cone of depression analysis should provide information and data about
cumulative effect. ADWR should research the scientific literature, review studies such as those the
USGS expects to complete for the Sierra Vista Subwatershed, and build abody of knowledge.

Recommendation 31: The Court should direct ADWR to analyze awell’s drawdown at the
subflow zone individualy for each well.

Recommendation 32: The Court should not direct ADWR to report the cumulative effect of
wells or of groups of wells except as suggested in the next recommendation.

Recommendation 33: The Court should direct ADWR to select more than one group of
wells, analyze their cumulative effect using the most accurate and reliable analytical or numerical
models, and report the findings. The wells may be owned or used by one or several claimants, and
the cone of depression analysis should provide information and data about cumulative effect. The
purpose of these analyses is to build a body of knowledge about the cumulative effect of wells,
including methodol ogies and findings. Whether the findings will be, or should be, used to adjudicate
water uses is not determined in this report.

Recommendation 34: The Court should adopt Chapter 3 of the Subflow Report to the extent

it does not conflict with any other recommendation made in this report.
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V. DE MINIMISUSES (Chapter 4 of the Subflow Report)

The trial court directed ADWR to submit a “set of rational guidelines for determining
whether a given well, though pumping subflow, has a de minimis effect on the river system.”?’
Little posthearing briefing was submitted regarding guidelines for de minimis water uses in the San
Pedro River Watershed, the reason most likely being that after ADWR filed the Subflow Report, the
trial court ruled on this issue with respect to instream stockwatering, stockponds of a certain size and
beneficia use, and housethold domestic water uses.

In the Subflow Report, ADWR summarizes the proceedings Special Master John E. Thorson
held from 1993 to 1995 addressing de minimis stockwatering, stockponds, and domestic water uses
within the San Pedro River Watershed.?®® Special Master Thorson determined that instream
stockwatering and stockponds and domestic uses meeting certain criteria should be considered de
minimis water uses. The Subflow Report focuses on the determinations regarding de minimis
domestic water uses because Special Master Thorson found that 97% of domestic uses in the San
Pedro River Watershed were supplied fromwells.?°

ADWR believes that the “special master’s proposed definition of de minimis domestic uses
with a uniform quantification...is an acceptable definition,” but disagreeswith “the special master’s

determination that these de minimis uses should be summarily adjudicated with water rights

characteristics.”?* ADWR recommends that de minimis domestic water uses “should be excluded

23 Ballinger Order 2.

2% The contested case was In re Sands Group of Cases (W1-11-19) and Other Related Cases (Consolidated).
Specia Master Thorson issued a Memorandum Decision, Findings of Fact, and Conclusions of Law for Group
1 Cases Involving Stockwatering, Stockponds, and Domestic Uses (Nov. 14, 1994) (“Memorandum
Decision”), and a Modifying Memorandum Decision (Feb. 23, 1995).

2% Memo. Decision 19 (Finding of Fact No. 22).

249 Subflow Report 38.
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from the adjudication and catalogued in the decrees.”?*! Domestic wells determined to be de minimis
would be listed in a catalog with basic descriptive information, 2*? and “[a]s long as these catal ogued
domestic uses continued to satisfy the definition of a de minimis use adopted by the trial court, these
uses would not be subject to post-decree administration or enforcement.”?*® De minimis “uses would
not receive a decreed water right.”?**

On September 26, 2002, nearly sx months after ADWR filed the Subflow Report, the trial
court adopted in part, rejected in part, and modified in part Special Master Thorson’s memorandum
decisions on de minimis stockwatering, stockponds, and domestic water uses in the San Pedro River
Watershed. Thetrial court adopted the special master’ s definition of ade minimisdomestic water use
and the quantity to be adjudicated for the right. Special Master Thorson defined de minimis domestic
water uses as “[i]ndividual domestic uses for single residences, when serving household purposes
and associated outdoor activities on adjoining land not exceeding (=) 0.2 acres,” and determined that
“If]he quantity of ‘not to exceed 1 ac-ft/yr’ of water will be adjudicated for” those rights.?*°

The trial court also adopted Special Master Thorson's definitiors and quantifications for
instream stockwatering and stockponds having a capacity of not more than 15 acre-feet used solely

for stock or wildlife. The trial court directed ADWR to prepare future HSRs in accordance with the

determinations adopted in the September 26, 2002, order.

>11d. at 40.

242 “The de minimis category would list the name of the present well owner, the well location to the nearest ¥4
Y4 Ya section, the type of use (domestic de minimis), the place of use, and the quantity of use.” Id. The
proposed catalog appears to be similar to Volume 8: Catalogued Wells of the Final San Pedro River
Watershed HSR. Volume 8, however, reported for each listed well, if available, a “clamed date of first
beneficial water use” and the “data source” of the reported information. Vol. 8, 6. Bella Vista agrees with
ADWR but recommends that every well be catalogued using only the information required by A.R.S. § 45-
59 to be set forth in a notice of intention to drill well. Comments on ADWR's Subflow Report 9 (June 17,
2002). The statute enumerates more information than ADWR recommends reporting in its proposed catalog.
243 Subflow Report 40.

2 1d. at 44.

245 Memo. Decision 33 (Conclusions of Law No. 24 and No. 25).
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ADWR recommends that de minimis water uses be catalogued and not be summarily
adjudicated with water right attributes. It points to the holdingsin Gila Il that “the trial court may

adopt arationally based exclusion for wells having a de minimis effect on the river system,
GilalV that wells though pumping subflow which “have a de minimis effect on the river system may
be excluded from the adjudication based on rational guidelines for such an exclusion....”?*’ In Gila
11, the Supreme Court held that “[a] properly crafted de minimis exclusion will not cause piecemeal
adjudication of water rights or in any other way run afoul of the McCarran Amendment...it could
simplify and accel erate the adjudication by reducing the work involved in preparing the hydrographic
survey reports and by reducing the number of contested cases before the special master.”2*®* ADWR
submits that a catalog listing de minimis water rightsis consistent with Gila Il and Gila IV because
exclusiondoes not include summary adjudication

Special Master Thorson had the benefit of Gila Il when he began (one month after Gila Il
was issued) the consolidated case that resulted in his memorandum decisions. In Gila I, the Supreme
Court held that “a de minimis exclusion effectively allocates to those well owners whatever amount

of water is determined to be de minimis. It is, in effect, a summary adjudication of their rights.”%4°

(Emphasis added.) Special Master Thorson adopted procedures for the “summary adjudication” of de
minimis uses. The procedures provided for the preparation of water right abstracts showing the
characteristics or attributesof de minimis uses; incorporation of the abstracts into the special master’s
catalog of proposed water rights for the watershed; allowing claimants to file objections to the

abstracts but precluding resolution of objections concerning quantity of water; and incorporation of

246 175 Ariz. at 394, 857 P.2d at 1248.
247 1098 Ariz. at 344, 9 P.3d at 1083.
248 175 Ariz. at 394, 857 P.2d at 1248.
249 |d
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al de minimis water rights in the final decree which would subject the rights to post-decree
administration and enforcement against other water uses.?*°

Special Master Thorson concluded that these “summary procedures for de minimis uses
accomplish the statutory purposes of the general stream adjudication to ‘[d]etermine the extent and
priority date of and adjudicate any interest in or right to use the water of the river system and source
.... ARIZ. REV. STAT. ANN. § 45-257(B)(1).”*! He defined the term “summary adjudication” to
mean “those procedures used by the court to adjudicate de minimis water uses in a smplified and
expedited manner while safeguarding the statutory and due process rights of the litigants
involved.”?>2

In its September 26, 2002, order the trial court specifically adopted Special Master Thorson's
definition of “summary adjudication” and ruled that “summary adjudication is appropriate to
determine the attributes and characteristics of water uses that do not individually affect the water
supply available to other claimants”?®® The tria court has answered the issue ADWR's
recommendation raises. De minimis water uses within the San Pedro River Watershed will be
summarily adjudicated with water right attributes and will receive a decreed water right.

A group of parties urges that ADWR be directed to propose guidelines for excluding
agricultural, municipal, industrial, and other wells, not just domestic wells, which may have a de
minimis effect on the river system.?®* This issue will best be considered at such time as ADWR and

the parties have more new or updated data.

%0 Memo. Decision 34-8 (What Summary Adjudication Procedures Are Appropriate?).

»11d. a 37; see A.R.S. § 45-252(A).

2 |d. a 5.

23 Order n.2, 2.

% Upper Valley Irrigation Districts Objection to ADWR’s Subflow Report 11 (June 17, 2002).
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Other Watersheds

The argument has been made that the definitions of de minimis water uses “should be based
on watershed specific tests to reflect the unique characteristics of each watershed....”?®> Specid
Master Thorson held a hearing to receive evidence specific to the San Pedro River Watershed
regarding water availability in the watershed and to downstream users; the number of stockwatering,
stockpond, and domestic uses; the number and impact of these uses; and the costs and benefits of
adjudicating these water uses.?*® That matter integrated into the adjudication a practical concept of de
minimis water uses and established procedures to define and adjudicate them. It is redlistic to believe
that a similar evidentiary hearing will be required in the other watersheds. The time to take up those
issues is after the watershed HSR is filed. Some of the ground Special Master Thorson covered will
not be revisited, but it is reasonable to believe that a watershed specific hearing will be necessary.

Recommendation 35: The Court should adopt Chapter 4 of the Subflow Report except the
recommendation that de minimis uses not be summarily adjudicated with water right attributes and
to the extent Chapter 4 does not conflict with any other recommendation made in this report.

V. IMPLEMENTATION OF PROCEDURES (Chapter 5 of the Subflow Report)

A. Should ADWR’s findings be reported in supplemental contested case
hydrographic survey reports (HSRs) (“case-by-case”) or in a supplemental San Pedro River
Watershed HSR (“the entire water shed” ), which identifies the subflow zone, wells reaching and
depleting a stream, and de minimiswater rights?

This was the fourth question briefed prior to the hearing, and a ruling was issued on

September 8, 2003, subject to modification after considering the evidence presented during the

hearing. The proposed ruling is adopted as the evidence is insufficient to modify it.

2% Philip C. Briggs Decl. 19 (June 17, 2002). Claimants in the Verde River Watershed raised this issue.
2% Order 3 (Sept. 26, 2002).
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Thetrial court directed ADWR to include “[a] timeline for completion of the tasks outlined in
the report” and to submit “[a] similar timeline for the Upper Gila River and Verde River
watersheds....”?°’ In the proposed ruling, the Special Master found that the term timeline connotes a
reporting schedule and with the desire to mowve the adjudication forward, set a schedule for ADWR to
file atechnical report containing a map of the lateral extent of the subflow zone within the entire San
Pedro River Watershed; investigate and supplement, as needed, the Final San Pedro River Watershed
HSR; and publish a supplementa final HSR. Claimants would have one hundred and twenty days to
file objectionsto ADWR’s report showing the map of the subflow zone, and one hundred and eighty
days to file objections to the supplemental final HSR.

Some parties argue that under A.R.S. § 45-256(B) the technical assistance provided by
ADWR must be set forth in a report filed with the trial court or the Special Master, and a claimant
may file an objection to the report or any part of it within one hundred and eighty days of the date on
which the report is filed. A.R.S. 8§ 45-256(B) states in pertinent part:

The technical assistance rendered by the director shall be set forth in summary form

on aclaim by claim basis in a report prepared by the director and filed with the court

or the master.... The report shall list all information that is obtained by the director

and that reasonably relates to the water right claim or use investigated. The report

shall also include the director's proposed water right attributes for each individual

water right claim or use investigated.... If no water right is proposed in connection

with an individual water right claim or use, the director's recommendations shall so

indicate.... An objection shall specificaly address the director's recommendations
regarding the particular water right claim or use investigated. (Emphasis added.)

The Specia Master interprets A.R.S. § 45-256(B) to meanthat the 180-day objection period
applies to a report that contains the information ADWR has compiled during its investigations and
sets forth the department’s proposed attributes for each water right claim or use investigated. The

180-day period applies to a watershed or a supplemental contested case HSR that reports on

7 Ballinger Order 3.
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individual water right claims. The technical report to which al claimants in the San Pedro River
Watershed will have one hundred and twenty days to file objections will not mwntain ADWR’s
proposed water right attributes for any claim or use. The report will contain ADWR’s map of the
subflow zone and related analysis. A report that covers a discrete, abeit important, technical issue is
not subject to the time periods prescribed by A.R.S. 8§ 45-256(B).

One party does not disagree with the Special Master’s proposed schedule, but requests that it
be recommended that in other watersheds ADWR divide a stream into manageable segments and
publish a supplemental HSR that contains the subflow anaysis for each stream segment. The
“segment-by-segment” approach is suggested, would be fair, efficient, and speedy.

A great amount of experience will be gained from going through the process of delineating
the subflow zone in the San Pedro River Watershed. The segment-by-segment approach may have
merit in other watersheds, but a decision in that respect should await the experience gained by going
through the process in the San Pedro River Watershed. Although a recommendation regarding this
approach is not made in this report, the parties may make suggestions when ADWR begins, or isin a
position that it can undertake concurrently, the subflow analysis in another watershed.

ADWR recommends that for each watershed the subflow zone be identified first, followed by
the identification of de minimis water uses, and concluding with the cone of depression tests. The
second and third phases “should only be implemented when the watershed is ready to be
litigated....”2°® Thisimplementation sequence is reasonable.

ADWR des not propose a sequential watershed schedule, but based on the trial curt’s
February 21, 2003, order and Pre-Trial Order No. 1 Re: Conduct of Adjudication § 12(B)(4) (May

29, 1986), the Specia Master recommends the following sequence for completing the subflow and

28 Subflow Report 45.
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cone of depression analysis in each watershed: San Pedro River; Verde River; Upper Gila River;
Upper Sdt River; Upper Agua Fria River; Lower Gila River; and Upper Santa Cruz River.

Recommendation 36: The Court should implement the following schedule in the San Pedro
River Watershed:

A. After the Court considers the Special Master’s report recommending the procedures and
processes to delineate the subflow zone within the San Pedro River Watershed and a cone of
depression test, ADWR is directed to prepare a map delineating the subflow zone for the entire San
Pedro River Watershed. ADWR shall submit this map and related information in a technical report
whose scope shal be limited to delineating the subflow zone and shal not set forth ADWR's
proposed water right attributes for any individual water right claim or use.

B. Upon filing the technical report with the Court, ADWR shall send a notice to all claimants
in the San Pedro River Watershed and to the persons listed in the Gila River Adjudication Court-
Approved Mailing List informing them of the scope and availability of the report and of a claimant’s
right to file written objections to the report and of the deadline for filing objections.

C. Any claimant in the San Pedro River Watershed may file objections to ADWR'’s technical
report within one hundred and twenty days of the date on which the report is filed. Objections shall
be limited to ADWR’s findings regarding the lateral extent of the subflow zone.

D. After considering the objectiors, the Court will approve a map that delineates the subflow
zone within the San Pedro River Watershed.

E. Using the cone of depression test adopted by the Court, ADWR will analyze all wells
located outside the lateral limits of the subflow zone to determine if a well’s cone of depression
reaches an adjacent subflow zone, and if continuing pumping will cause a loss of such subflow as to

affect the quantity of the stream. ADWR will examine all water right claims to determine de minimis
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water rights in the San Pedro River Watershed in accordance with the Court’s September 26, 2002,
order. ADWR will investigate and supplement, as needed, its findings reported in the Final San
Pedro River Watershed HSR.

F. ADWR will publish a Supplemental Final San Pedro River Watershed HSR reporting its
findings and proposed water right attributes on a claim by claim basis, in accordance with A.R.S. §
45-256(B), including wells withdrawing subflow, cone of depression analyses, de minimis water
rights, and all other new or updated information.

G. ADWR shal send a notice of the filing of the Supplemental Final San Pedro River
Watershed HSR to all claimants in the Gila River Adjudication, who may file objections within one
hundred and eighty days of the date on which the report was filed.

Recommendation 37: The Court should adopt the same schedule for completing the subflow
and cone of depression analysisin al the other watersheds in the Gila River Adjudication subject to
modifications that may be proper as aresult of experience with this process.

Recommendation 38: The Court should adopt the following sequence for completing the
subflow and cone of depression analysis in each watershed: San Pedro River; Verde River; Upper
Gila River; Upper Salt River; Upper Agua Fria River; Lower Gila River; and Upper Santa Cruz
River.

Recommendation 39: The Court should adopt Chapter 5 of the Subflow Report to the extent
it does not conflict with any other recommendation made in this report.

VI. AVAILABILITY OF REPORT

This report will be filed with the Clerk of the Maricopa County Superior Court, and a copy

will be mailed to all persons listed on the Gila River Adjudication Court-Approved Mailing List and

on those additional persons appearing in the certificate of service. An electronic copy will be posted
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a http://lwww.supreme.state.az.us’wm/ on the Gila River Adjudication page. A transcript of the
October 21-22, 2003, hearing and of the evidence and the original exhibits are at the Clerk’s office.
A printed copy of this report can be purchased from the office of the Special Master for $8.00
payable by check or money order.
VIl. MOTION FOR ADOPTION OF SPECIAL MASTER’SREPORT

The Specia Master recommends adoption of the recommendations made in this report and
moves the Court, under Arizona Rule of Civil Procedure 53(h), to adopt each recommendation A
proposed order of adoptionwill be lodged as the Court may order upon consideration of the report.
VIII. NOTICE OF SUBSEQUENT PROCEEDINGS

Any claimant in the Gila River Adjudication may file a written objection to this report on or
before September 1, 2004.2°° Responses to objections must be filed on or before October 1, 2004.
Replies must be filed on or before October 2, 2004. Each objection should identify the related
recommendation. Objections, responses, and replies must be filed with the Clerk of the Maricopa
County Superior Court, Attn: Water Case, 601 West Jackson Street, Phoenix, Arizona 85003. Copies
of pleadings must be served personally or by mail on all persons appearing on the most recent Gila
River Adjudication Court-Approved Mailing List and on those additional persons named in the
certificate of service. The hearing on the Special Master’s motion to approve the report and on any

objections to the report will be taken up as ordered by the Cout. The “court after hearing may adopt

29 The periods for filing objections to the report, responses, and replies are caculated under Ariz. R. Civ. P.
53(h). As this report does not contain determinations of the relative water rights of any claimant, the time
periods prescribed by A.R.S. 8§ 45-257(A)(2) do not apply. The period for filing objections includes the ter+
day period provided by Rule 53(h), not including intermediate Saturdays, Sundays, and legal holidays as
specified by Ariz. R. Civ. P. 6(a). The ten-day period for filing responses and the five-day period for filing
replies are specified in Ariz. R. Civ. P. 7.1(a). An additional five-day period when service has been made by
mail is specified in Ariz. R. Civ. P. Rule 6(€). In order to alow time for the distribution of the monthly docket
sheet to subscribers and reasonable time for all filings, the Special Master has added thirty days for objections
and fifteen days for responses and replies.
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the report or modify it or may reject it in whole or in part or may receive further evidence or may

recommit it with instructions.”26°

Submitted this 16th day of July, 2004.

/s George A. Schade, Jr.
GEORGE A. SCHADE, JR.
Spoecial Master

The original report was filed with the Clerk of the
Maricopa County Superior Court on July 16, 2004,
and was delivered to the Distribution Center for
mailing to the persons listed on the Gila River
Adjudication Court-Approved Mailing List dated
October 6, 2003 (Attachment A) and to the
following persons:

City of Benson

Jennele Morris O’ Hair, P.C.
P. O. Box 568

Vail AZ 85641-0568

Long Meadow Ranch Property Owners Association
George E. Price, President

12110 N. Antelope Run

Prescott AZ 86305

Vaory Strausser

Lee A. Storey and Steve Wene
Moyes Storey, Ltd.

1850 N. Central Ave., Suite 1100
Phoenix AZ 85004

Y avapa County Attorney’s Office
M. Randolph Schurr

255 East Gurley St., 3rd Floor
Prescott AZ 86301

/s KDolge
Kathy Dolge

%9 Ariz. R. Civ. P. 53(h).
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SUPERI OR COURT OF ARI ZONA
MARI COPA COUNTY

09/ 15/ 2005 CLERK OF THE COURT
FORM V00O
HONCRABLE EDDWARD BALLI NGER, JR M Wt her el
Deputy

W1, W2, W3, W4(Consolidated)
Cont ested Case No. W- 103

FI LED: Septenber 28, 2005

In Re the General Adjudication
of AIl Rights to Use Water in
The Gla River System and Source

In Re Subfl ow Techni cal Report,
San Pedro River Witershed

Order Re: Report of the Special Master on the Arizona Depart nent
of Water Resources’ Subflow Technical Report, San Pedro River
Wat ershed and Mdtion for Approval of Report

Procedural Background

In 2001, this Court requested that the Arizona Depart nent
of Water Resources (“ADWR’ or the “Departnent”) file a report
describing how it proposed to determ ne the extent of stream
subfl ow for purposes of setting the jurisdictional |limts of
this adjudication. On January 8, 2002, a hearing was held to
consi der ADWR s “Report Concerning | nplenentation of the Arizona
Supreme Court’s Decision on Subflow ” On January 22, 2002, the
Court directed the Departnent to prepare nore specific and
det ai |l ed reconmendati ons addressing the follow ng i ssues arising
in the San Pedro River Watershed:

1. A proposal for determning the subflow zone incl uding
nore than just consideration of the saturated |atera
extent of the Hol ocene all uvium

Docket Code 000 Page 1
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2. Atest for determning if a well’s cone of depression is
wi t hdrawi ng appropriabl e subfl ow.

3. A set of rational guidelines for determ ning whether a
given wel I, though punping subflow, has a de mnims
effect on the river system

4. A nethod for including both perennial and intermttent
streans as part of the subflow anal ysis, including
streans that were historically perennial or intermttent,
but are now epheneral due to devel opnment and ot her human
actions.

5. Atineline for conpleting the tasks outlined inits
report.?

ADWR s second subflow report was filed on March 29, 2002
(the “Subflow Report”). It specifically addressed each of the
requests identified in the January 22, 2002, order. Various
parties filed conments and objections to the report, sone of
whi ch were supported by expert declarations. The Court referred
consi deration of Subflow Report issues to the Special Mster
with direction to consider the cornments and objections, hold any
necessary hearings, and nmake recommendations as to whether the
report should be adopted or nodified.?

After supervising discovery anong the parties, considering
expert declarations, and resolving a nunber of pre-hearing
i ssues, the Special Master held a two-day evidentiary hearing at

whi ch the parties and their experts presented their positions on

! Minute Entry (“M. E.”) (Jan. 22, 2002).
2 Order (Feb. 21, 2003).
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t he procedures proposed in the Subfl ow Report. Foll ow ng post-
hearing briefing and suppl enmental oral argunent, the Speci al
Master filed his “Report of the Special Mster on the Arizona
Departnment of Water Resources’ Subflow Technical Report, San
Pedro River Watershed; Modtion for Approval of Report; and Notice
of Subsequent Proceedi ngs” (the “Special Mster’s Report”),
whi ch thoroughly eval uated the Subfl ow Report, summarized the
parties’ positions, and set forth the Special Master’s
recomendati ons. The Court received additional comments and
objections to the report and held a hearing on July 13, 2005, to
consi der whether it shoul d adopt the Special Master’s
recommendat i ons and approve or nodi fy the Subfl ow Report.
The Subfl ow Zone

This adjudication is charged with determining the rights of
all persons to use the waters of the Gla River systemand its
sources pursuant to AR S. 8 45-251 et seq. This task is
conplicated by Arizona’s bifurcated system of water rights
managenent. Wiile all surface water is subject to this Court’s
jurisdiction, for decades Arizona courts have protected the
rights of groundwater users by holding that surface water
appropriation cannot extend to percol ating subterranean water.
Mari copa County Mun. Water Conservation Dist. No. 1 v. Southwest
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Cotton Co., 39 Ariz. 65, 4 P.2d 369 (1931), nodified and reh’g.
deni ed, 39 Ariz. 367, 7 P.2d 254 (1932) (“Southwest Cotton”).3
| f setting jurisdictional limts were as sinple as
declaring that surface water is appropriable while water found
underground is not, the adjudication would be nuch nearer to
conpleting it initial tasks of identifying and prioritizing
appropriable water rights. But, although underground water is
generally not part of this adjudication, it beconmes appropriable
if it can be characterized as subflow of a stream Qur Suprene
Court has decl ared that subflow consists of “those waters which
slowy find their way through the sand and gravel constituting
the bed of the stream or the |ands under or imediately
adj acent to the stream and are thenselves a part of the surface
stream”*
As to how water is to be characterized as subflow, in Gla
Il the Arizona Suprene Court quoted with approval the test first
announced in Sout hwest Cotton:

The best test which can be applied to determ ne
whet her underground waters are as a matter of fact and

% In lieu of appropriative rights, groundwater users are permitted to withdraw water underlying their land
subject only to the doctrine of reasonable use and federal reserved water rights. In re the General
Adjudication of All Rights to Use Water in the Gila River System and Source, 175 Ariz. 382, 857 P.2d 1236
(1993) (“Gila II"); In re the General Adjudication of All Rights to Use Water in the Gila River System and
Source, 195 Ariz. 411, 989 P.2d. 739 (1999) (“Gila I1I").

4 Southwest Cotton, 39 Ariz. at 96, 4 P.2d at 380. The Southwest Cotton court explained that subflow
“[i]n almost all cases ... is found within, or immediately adjacent to, the bed of the surface stream....
[and] physically ... constitute[s] a part of the subsurface stream itself, and [is] simply incidental thereto....
It is subject to the same rules of appropriation as the surface stream itself”.” Gila 11, 175 Ariz. at 387, 857
P.2d at 1241 (quoting Southwest Cotton, 39 Ariz. at 96-97, 4 P.2d at 380-81).
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| aw part of the surface streamis that there cannot be
any abstraction of the water of the underfl ow w t hout
abstracting a correspondi ng anount fromthe surface
stream for the reason that the water fromthe surface
stream nust necessarily fill the | oose, porous
material of its bed to the point of conplete

saturation before there can be any surface flow.
(Enmphasis in Gla Il.)

Not only does [subflow] nove al ong the course of
the river, but it percolates fromits banks from side
to side, and the nore abundant the surface water the
further will it reach in its percolations on each
side. But, considered as strictly a part of the
stream the test is always the same: Does draw ng off
t he subsurface water tend to dimnish appreciably and
directly the flow of the surface strean? If it does,
it is subflow, and subject to the sane rul es of
appropriation as the surface streamitself; if it does
not, then, although it may originally cone fromthe
wat ers of such stream it is not, strictly speaking, a

part thereof, but is subject to the rules applying to
percol ating waters.® (Enphasis in Sout hwest Cofton.)

In 1987, the judge then assigned to this adjudication,

Honorabl e Stanley Z. Goodfarb (Retired), issued his first r

as to which underground waters were to be consi dered

appropriabl e subflow. The trial judge attenpted to craft a

practical subflow definition. He held extensive evidentiary

hearings that included testinony from hydrol ogi sts and

CLERK OF THE COURT

t he

ul i ng

® Gila Il, 175 Ariz. at 388, 857 P.2d at 1242 (quoting Southwest Cotton, 39 Ariz. at 96-97, 4 P.2d. at 380-

81).
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hydr ol ogi cal engi neers. He solicited nenoranda of |aw from
interested parties and utilized the services of the Departnent
to arrive at a definition he believed would permt the

adj udi cation to nove forward. Because a nunber of parties

obj ected to Judge Goodfarb’s subfl ow determ nati on, the Suprene

Court accepted an interlocutory appeal of his order due to “the

need to resolve the [subflow] question early in the proceeding.”®

The Arizona Suprenme Court rejected Judge Goodfarb’s initial
subfl ow definition and remanded consi deration of the issue. It
al so provided guidance as to how the trial court should
undertake to revise its subflow definition by setting forth
specific criteria to be used in making this determ nation:

Whet her a well is punping subflow does not turn
on whether it depletes a stream by some particul ar
anount in a given period of time.. [I]t turns on
whet her the well is punping water that is nore closely
associated with the streamthan with the surroundi ng
al luvium.. [Clonparison of such characteristics as
el evation, gradient, and perhaps chen cal makeup can
be nmade. Flow direction can be an indicator. If the
water flows in the sane general direction as the
stream it is nore likely related to the stream On
the other hand, if it flows toward or away fromthe
stream it likely is related to the surrounding
al | uvi um ’

61d. at 386, 1244.

" 1d. at 392, 1246. The specific factors listed in Gila 11 to determine whether water flows constitute
subflow are referred hereinafter as the “Gila Il Criteria”.
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Upon remand, Judge Goodfarb proceeded to hold additional
hearings. He, along with party representatives and experts,
traveled wthin the San Pedro Ri ver Watershed to | earn about the
area’ s hydrol ogy and geol ogy. After considering additiona
evidence relating to the relationship of groundwater to surface
water, he issued a conprehensive order redefining “subflow "8
bj ections foll owed, causing the Arizona Suprene Court to
expedi te consideration of “whether, after remand in Gla River
1, the trial court properly determ ned what underground wat er
constitutes ‘subflow of a surface stream thus nmaking it
appropri abl e under AR S. § 45-141(A)."°

In Gla |V, the Supreme Court approved Judge Goodfarb’s
second iteration of a subflow description. Twelve years after
the Suprene Court’s attenpt “to resolve the question early,” the
adj udi cation court finds itself conducting hearings and
considering argunents directed to the question of what is a fair
and practical definition of subflowthat will permt the Court
to define its jurisdictional limts and fairly protect the
rights of both surface and groundwater users.

The Subfl ow Report recomends adopting a nunber of
procedures and assunptions in connection with mapping the
subfl ow zone. Three questions related to these proposals have

sparked the nost controversy:

8 June 30, 1994, Order (the “Goodfarb Order”).
® Gila 1V, 198 Ariz. at 333, 9 P.3d at 1072.
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Whet her the Court should declare the entire saturated

fl oodpl ai n Hol ocene alluviumas conprising the imts of
t he subfl ow zone without further reference to the
criteria announced in Gla 11.1%°

Shoul d the Court assune, for jurisdictional purposes,
that the entire floodplain Hol ocene alluviumis
sat ur at ed?*?

Shoul d the Court adopt the Special Master’s

recommendati on that ADWR s subfl ow anal ysis be based upon
pr edevel opment stream fl ow conditi ons?

1. Extent of the Subflow Zone

Those objecting to the first recormmendation - that the
Court find that the saturated fl oodplain Hol ocene alluviumis
t he subfl ow zone - argue that this proposal permts ADAR to
ignore the Gla Il Criteria approved by the Arizona Suprene
Court.'? They rely primarily on two related arguments to support
this objection. First, they point to specific language in Gla
| V that purportedly requires continued application of the Gla

Il Criteria when mapping subflow limts. They al so claimthat

10 ADWR answered this question affirmatively:
Upon remand from the Arizona Supreme Court, the trial court engaged in a lengthy
hearing process, involving expert testimony on complex hydrogeologic principles, that
culminated in a 66-page detailed order with 36 additional pages of exhibits. [citing Gila
IV] The trial court applied the criteria described in Gila Il and concluded that the
saturated floodplain Holocene alluvium was the ‘most credible’ subflow zone....
Subflow Report at 2.
1 ADWR urges adoption of this assumption. Id. at 17. (“The Department ... recommends that the entire
lateral extent of the floodplain Holocene alluvium be assumed to be saturated for the purpose of
delineating the jurisdictional subflow zone.”).
12 5eg, e.g., Arizona Public Service Company’s and Phelps Dodge Corporation’s Objections to the Special
Master’'s Report on ADWR’s Subflow Technical Report, San Pedro River Watershed (Oct. 1, 2004)
(“APS/PD Objection™) at 7.
Docket Code 000 Page 8
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the Gla IV court did not intend to uphold a trial court ruling
that the saturated fl oodpl ain Hol ocene alluvium constitutes the
subfl ow zone. Instead, the Supreme Court sinply held that this
area conprised the outer limts within which the subflow zone
exists. Wthin this announced area, ADWR is required to apply
the Gla Il Criteria to ascertain the subflow zone.'® These

obj ectors believe that the Gla IV decision requires ADWR to
begi n anew and undertake an extensive review of data that m ght
prove relevant in mapping the subflow zone within the San Pedro
Ri ver Watershed.

As to the latter argunent, the questionis: In GlalV, did
the Arizona Suprene Court nerely direct ADWR as to how and where
to commence its inquiry regarding the extent of subflow w thin
the San Pedro River Watershed? O did the court adopt a standard
permtting ADAR to map this Court’s jurisdictional limts in an
expedi ti ous manner? The Special Master found that “the criteria
specified in Gla IV to delineate the subfl ow zone have al ready

been taken into account in the Supreme Court’s holding that the

13 1d. at 8. (“The fact that the [Arizona Supreme Court] quoted and approved the [Gila I Subflow
Criteria] does not ... support a conclusion that ADWR need not apply the criteria when it delineates the
subflow zone. To the contrary, the Court’s approval of the criteria makes them binding on ADWR. These
criteria define the subflow zone, and they must be used by ADWR to identify its boundaries.”) (Emphasis
in original.)

14 1d. at 10. (“ADWR should be instructed to obtain accurate and reliable data for purposes of identifying
the subflow zone in all circumstances.”) (Emphasis in original.)
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saturated fl oodpl ain Hol ocene alluviumis the subflow zone.”?*®

This Court agrees with this concl usion.
The Gla IV opinion explicitly recognizes that the tria
court considered and applied each of the Gla Il Criteria in

connection with defining how the concept of subflow should be
used to set jurisdictional limts:

[ T]he record reflects that the court based its ruling
on evaluation of the pertinent factors set forth in
Gla River Il for delineating the subflow zone. For
exanpl e, the order states:

After consideration of flow direction, water
| evel el evation, the gradation of water

| evel s over a streamreach, the chem ca
conposition if available, and | ack of
hydraulic pressure fromtributary aquifer
and basin fill recharge which is

per pendi cul ar to stream and “subfl ow’
direction, the Court finds the nost accurate
of all the markers is the edge of the
saturated fl oodplain Hol ocene al | uvi um *®

The Suprene Court noted that, “groundwater users conceded at

oral argument, and the record reflects, that sufficient evidence
supports the trial court’s factual findings, which adopted the
saturated fl oodpl ain Hol ocene al |l uvium as the subflow zone.”?'’

The obj ectors cannot overcone the opinion’ s directive that

15 Special Master’s Report at 42.

'8 Gila 1V, 198 Ariz. at 337, 9 P.3d at 1076.

171d. at 339, 1078. The Court’s footnote reference (n.5) approving the factual finding that the saturated
floodplain Holocene alluvium is the subflow zone shows that the trial court’s subflow zone definition
incorporated the Gila Il Criteria.
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“[t]he entire saturated floodpl ain Hol ocene alluvium as found
by DWR, wi |l define the subflow zone in any given area.”!® The
opi nion nmakes clear that ADWR is not to generally consider again
the Gla Il Criteria in an effort to undertake again the work
that resulted in the trial court’s factual findings. To the
contrary, the Suprene Court anticipated that mapping the
jurisdictional limts of the subflow zone would be relatively

si npl e:

The record reflects that the saturated fl oodpl ain
Hol ocene alluviumis readily identifiable; that DWR
can qui ckly, accurately, and relatively inexpensively
determ ne the edge of that zone; and that sone of the
wor k al ready has been done.®

2. Assum ng Fl oodpl ai n Hol ocene Al |l uvi um Saturation
I n mappi ng the subfl ow zone, ADWR proposes to assune that

the entire extent of the floodplain Holocene alluviumis

8 1d. at 342, 1081.

19 1d. The objectors claim their position is supported by the fact that in concluding that the subflow zone
is comprised of the saturated floodplain Holocene alluvium, the Gila IV court also added that ADWR “will
determine the specific parameters of that zone in a particular area by evaluating all of the applicable and
measurable criteria set forth in the trial court’s order and any other relevant factors.” Gila 1V, 198 Ariz. at
344, 9 P.3d at 1083. But Gila IV dealt with an order delineating the limits of the subflow zone in the San
Pedro River Watershed. The quoted language merely demonstrates the Supreme Court’s openness to
ADWR considering data, in addition to that found by the trial court, when evaluating other watersheds.
Id. at 342, 1081. (The entire saturated floodplain Holocene alluvium defines the subflow zone in the San
Pedro River Watershed. As to other watersheds, “[i]n the effort to determine [the subflow zone] in other
areas, the detailed criteria set forth in the trial court’s order, insofar as they apply and are measurable,
must be considered, but we do not preclude the consideration of other criteria that are geologically and
hydrologically appropriate for the particular location.”). As the Special Master's Report recognizes, even
within the San Pedro watershed there may be discrete stream segments where ADWR is required to
supplement its findings based upon sound and appropriate geological and hydrological principles. Special
Master’s Report at 42; see Gila IV, 198 Ariz. at 342, 9 P.3d at 1081, n.7.
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saturated.?° The Departnent believes this assunption is required
because the two factors determ ning the extent of saturation -

t he thickness of the floodplain Hol ocene alluviumand the depth
to the water table beneath the floodplain - are highly variabl e,
both spatially and tenporally.?' Attenpts to neasure floodplain
geol ogy or the depth of the water table at any given point in
time are frustrated due to the lack of reliable, contenporaneous
data. The Subfl ow Report states:

[ Aln accurate determ nation of the saturated portion
of the floodplain Holocene alluviumis inpractical for
t hree reasons:

Difficulties in defining the thickness of the
fl oodpl ai n Hol ocene al | uvi um

The general |ack of detailed and | ong-term water
| evel data fromthe floodplain; and

The dynami ¢ nature of the floodplain aquifer
system

The Departnent, therefore, recomends that the entire
| ateral extent of the floodplain Hol ocene alluvium be
assunmed to be saturated for the pur pose of delineating
the jurisdictional subflow zone. #?

Sonme opposi ng adoption of the Departnent’s saturation
assunption stress that:

1. The fl oodpl ai n Hol ocene alluviumis not stable. At
nunmerous tines, it is not fully saturated; and

20 special Master’s Report at 52; Subflow Report at 13 & 17.
21 subflow Report at 13.
2 1d. at 16-17.
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2. The lack of data regarding the extent of saturation
wi thin the floodplain Hol ocene alluvium does not justify
adopting an inaccurate assunption.??

The Special Master agrees with the objectors and recommends
that the Court not approve and adopt ADWR s saturation
assunption recomrendati on. He concl uded that ADWR' s
reconmendati on does not conport with the directive in Gla IV
“that any test used for determ ning the boundaries of a subfl ow
zone be as accurate and reliable as possible.”? Accuracy is
par anount because in Gla Il, the Suprene Court held that if
ADWR uses an appropriate test to delineate the subflow zone, its
determ nati on woul d constitute clear and convinci ng evi dence
that a well within the zone is punping appropriable water.?®
Because saturation fluctuates within the fl oodpl ain Hol ocene
al luvium the Special Mster found ADWR s assunpti on
i nconsistent with Gla IV.%® He concluded that the question of
whet her a segnent of the floodplain Holocene alluviumis
saturated is only relevant on the date a well is tested:

The evidence ...shows saturation fluctuates even in
predevel opnent conditions, and a thin upper portion of
t he fl oodpl ain Hol ocene all uviumis unsaturat ed.

23 See ASARCO Incorporated’s and Arizona Water Company’s Response to Other Parties’ Objections to the
Report of the Special Master (Nov. 1, 2004) (“ASARCO’s Response™) at 5-9.

24 special Master’s Report at 56 (quoting Gila 1V, 198 Ariz. at 335, 9 P.3d at 1074).

% 1n Gila 1V, the Court stated, “it is critical that any test used for determining the boundaries of a subflow
zone be as accurate and reliable as possible. Otherwise, use of an inaccurate test to determine whether a
well is pumping subflow would not satisfy the clear and convincing evidentiary standard....” Gila 1V, 198
Ariz. at 335, 9 P.3d at 1074; Special Master’'s Report at 56, n.130.

%8 gpecial Master’s Report at 57.
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To include a well in the adjudication, it is not
enough to determne it is highly probable the entire
| ateral extent of the floodplain Hol ocene alluvium was
saturated at some point. It nust be shown it is highly

probable the well is punping subflow fromthe
saturated fl oodpl ain Hol ocene all uvium (Enphasis
suppl i ed. )?’

Both at the time the trial court issued the Goodfarb Order
declaring the lateral extent of the subflow zone, and | ater when
Gla IV affirmed that order, the dynam c nature of river
channel s and al luvi al basins was well known. The Goodfarb Order
reflects that the trial court was fully aware of this
characteristic when it was considering subflow issues. The order
recites exanples of flow changes (e.g., stream channel m gration
and shifting) that caused the trial court to conclude that river
channel s are not stable.?® The trial and appellate courts held
that, notw thstandi ng these variables, the floodplain Hol ocene
alluvium®is the only stable geologic unit which is beneath and
adj acent to nost rivers and streans ...[and] in order to fulfil
the definition of ‘subflow,’ the geologic unit nust be saturated
because of the need for a hydraulic connection between the
stream and the ‘subflow .”?°

Gla IV enbodi es the Suprene Court’s decision that the

jurisdictional Iimts of this adjudication extend to the

27 4.
28 Goodfarb Order at 40.

2% Goodfarb Order at 56; Gila IV, 198 Ariz. at 337, 9 P.3d at 1076.
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fl oodpl ai n Hol ocene alluvium determ ned at a tinme of saturation.
I n upholding the trial court’s subflow standard, the Suprene
Court quoted with approval the finding that:

The evidence ...shows that the only true geol ogic
unit which is beneath and adjacent to the streamis
the fl oodpl ain Hol ocene alluvium Wen it is
saturated, that Eart of the unit qualifies as the
“subfl ow zone” ...3°

After nore than a decade of dispute, study, and argunent,
the Arizona Suprene Court provided this adjudication with the
followi ng practical (at least with respect to the San Pedro
Ri ver Watershed) jurisdictional boundary: Al surface streans,

t heir sources, and the subflow found within the saturated
fl oodpl ai n Hol ocene al | uvi um

The Goodfarb Order’s subflow definition strikes an
appropri ate bal ance between surface water and groundwater rights
by initially setting the paraneters of the subflow zone
narrow y.3! 1t al so enpl oys reasonabl e assunptions based upon
reliable data to include water uses within this limted area in
the adjudication. To insure that groundwater users are not
unfairly included within the adjudication, our courts have

rejected attenpts to expand the scope of the subflow zone to

%0 Gila IV, 198 Ariz. at 337, 9 P.3d at 1076.

31 In Gila IV, the Supreme Court commented on the trial court’s compliance with the direction in Gila 11
that the subflow zone be narrowly construed: “contrary to the groundwater users’ argument that the trial
court’s definition of subflow is broader than Gila River 1l and Southwest Cotton permit, the record reflects
that saturated floodplain Holocene alluvium occupies only very narrow portions of the alluvial basins.”
Gila 1V, 198 Ariz. at 342, 9 P.3d at 1081.
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i nclude the entire floodplain alluviumunderlying surface

wat erways and have limted the adjudication’s jurisdiction to
t he Hol ocene al |l uvium because it constitutes “the only stable
geologic unit which is beneath and adjacent to nost rivers and
streans...”3?

It is inmportant to note that determ nation of the subflow
zone does not adversely affect substantive rights of surface or
groundwater users. It nmerely sets paraneters with respect to the
Court’s water use inquiry. As some parties have nentioned,
“Arizona is currently in the depths of an extended and severe
drought. This drought, a natural and recurring event, has
undoubtedly had an effect on the saturated extent of the
Hol ocene al | uvium ”*® Should the dynanmic nature of a river or
stream exclude water users fromthis Court’s jurisdiction who
woul d have been subject to having their rights declared when the
proceeding was initiated?®® Wile the Special Master and the
obj ectors are correct that the Suprene Court has directed that

ADWR and this Court insure that determ nations are as accurate

32 Goodfarb Order at 56; Special Master’s Report at 33.

33 Arizona Public Service Company’s and Phelps Dodge Corporation’s Response to Objections to the
Special Master’s Report on ADWR'’s Subflow Technical Report, San Pedro River Watershed (Nov. 1, 2004)
(“APS/PD Response™) at 6-7.

34 The Apache Tribes correctly point out that Arizona’s river systems’ dynamic nature, coupled with the
fact that ADWR must map various subflow zones in phases, dictates that any temporally limited
measurement would be arbitrary. Apache Tribes’ Response to the Objections of Certain Parties to the
Report of the Special Master on Arizona Department of Water Resources’ Subflow Technical Report (Nov.
1, 2004) (“Apache Tribes’ Response™) at 8-9.
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as possible, it also has consistently acknow edged t hat
“subflow is an “artificial and fluid’” termthat has purely
| egal , as opposed to scientific or hydrol ogi cal relevance. 3 The
Suprene Court has nmade clear that the adjudication court is
aut hori zed to adopt reasonable assunptions in order to permt
the adjudication to fulfill its functions.?®

ADWR s saturation assunption is reasonable, practical, and
consistent with the goal of permtting this adjudication to be
conpleted “wthin the lifetinme[s] of sonme of those presently

wor ki ng on the case”®’

(or at least their children’s). And the
Supreme Court’s requirenment that subflow be narrow y defi ned,
coupled with the specific recognition that even wells punping de

mnims anounts of subflow nmay be excluded fromthe

% Gila 11, 175 Ariz. at 392, 857 P.2d at 1246; Gila IV, 198 Ariz. at 334, 9 P.3d at 1073.
38 Gila IV explicitly recognized this Court’s duty to balance accuracy and expediency in undertaking
adjudication tasks when it discussed establishing a test for determining the cone of depression created by
withdrawals from a well:

The [trial] court recognized that each well must be separately evaluated “to

compute drawdown at the ‘subflow’ zone” and that “whatever test ADWR finds is

realistically adaptable to the field and whatever method is the least expensive and delay-

causing, yet provides a high degree of reliability, should be acceptable.”

We agree with the trial court.
Gila 1V, 198 Ariz. at 343, 9 P.3d at 1082 (quoting Goodfarb Order at 62).

Likewise, in rejecting the argument that even water claims having a de minimis effect on stream
flow must be subject to the lengthy adjudication process, the Supreme Court noted, “[p]resumably,
Congress expected that water rights adjudications would eventually end. It is sensible to interpret the
McCarran Amendment as permitting the trial court to adopt reasonable simplifying assumptions to allow
us to finish these proceedings within the lifetime of some of those presently working on the case.” Gila Il,
175 Ariz. at 394, 857 P.2d at 1248.

37 Gila 11, 175 Ariz. at 394, 857 P.2d at 1248.
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adj udi cati on, ensures that groundwater users’ rights will be
pr ot ect ed.

3. Use of Predevel opnent or Current Conditions

Assumi ng the fl oodplain Hol ocene alluviumis saturated
requi res adopting a standard not entirely tied to current
geol ogi cal and hydrol ogi cal conditions. The subflow definition
i ncorporating this assunption uses historical data to prevent
hydr ol ogi cal conditions during a specific tinmeframe from having
a di sproportionate inpact on the adjudication’s jurisdictional
limits.3 Some claimnts urge the Court to expand on this concept
when mappi ng the subfl ow zone. They believe that it would be
unfair for ADWR to undertake an anal ysis that determ nes stream
fl ows based solely upon current conditions. These parties argue
that utilizing only current conditions runs the risk of
“allowing] those who are wongfully and illegally using
appropriable water to continue to do so and would nake it nore

likely that the hydrol ogi c connection between the underground

3ADWR states:
Due to variations in the depth of the water table, the portion of the floodplain
Holocene alluvium that is saturated changes over time, making the determination of the
jurisdictional subflow zone difficult. And these variations are not unique to recent times,
but apparently also occurred during predevelopment conditions....

The variety of conditions ... were present ... during both predevelopment and recent
times making a determination of the water levels only possible at a particular point in
time.
Subflow Report at 15-16.
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water and the surface streamis broken.”3 They suggest that
using a current conditions nethodol ogy will pronote disparate
treatment between those whose clains are adjudicated earlier vs.
later in the adjudication process.*

Those objecting to ADWR s use of the alternative to a
current conditions nmethodol ogy - predevel opnent stream fl ow
anal ysis - argue that “predevel opnent” is an anbi guous,
i ndeterm nate standard, and that there is no accurate, reliable
data available to establish appropriate predevel opnent
condi tions.*! They also point to a portion of the Goodfarb
Order’s definition of subflow they contend establishes that only
current streamflow conditions are rel evant.??

The Special Master considered whet her predevel opnent or
current conditions data should be used when cal cul ati ng stream
flows. The issue was separately briefed and a provisional ruling

i ssued. After considering additional argunments and evi dence, the

39 salt River Project’'s Response to Objections to Special Master's Subflow Report (Nov. 1, 2004) (“SRP’s
Response”) at 14.

401d. at 14-15 (“If the [effective] date is when ADWR performs [its subflow] analysis, each pumper
would have [a] substantial incentive to make sure that the watershed in which its well is located would
be analyzed as close to the end of these proceedings as possible.”) Apache Tribes’ Response at 9-10 (It
would be unjust “for a claimant to be able to ‘pump his way out’ of ... the jurisdiction of the Court by
depleting the subflow zone ... in order to create ‘current stream conditions’ that are ephemeral”).

“1 APS/PD Objections at 12; Objections of ASARCO Incorporated and Arizona Water Company to the
Report of the Special Master on the Arizona Department of Water Resource’s Subflow Technical Report
(Oct. 1, 2004) (“ASARCO’s Objections™) at 8-11; Bella Vista Water Co., Inc., Pueblo Del Sol Water Co. and
City of Sierra Vista Objections to the Report of the Special Master on the Arizona Department of Water
Resource’s Subflow Technical Report (Oct. 1, 2004) (“Bella Vista's Objections”) at 4-6.

2 See, e.g., APS/PD Objections at 18-19.
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Speci al Master expanded on and nodified his original
determination.* Hs report |lists various timefranes targeting
periods beginning as early as 1848 to as late as 1978, which
sone parties suggested as appropriate predevel opnent reference
poi nts. The Special Mster recognized that any period sel ected
“must consider the feasibility of obtaining the requisite
techni cal data and evi dence; potential delay and expense of
t hose efforts and of subsequent investigations; |evel of
accuracy and reliability of the subflow analysis; confidence of
nmeeting the clear and convincing evidentiary standard; and
fairness.”* He found that ADWR has not yet had the opportunity
to obtain and review maps, reports, and other docunents
evi denci ng predevel opnment conditions and, therefore, “[i]t iIs
premature to conclude that ADWR cannot obtain reliable evidence
of predevel opment stream fl ow conditions.”*°

In 2002, this Court stated its belief that a proper
anal ysis of subfl ow required consideration of stream conditions

“prior to w despread diversion and depletion of Arizona s stream

3 The Special Master’s Report discusses the claim that both the adjudication and appellate courts have
already ruled that current conditions must be used in making subflow zone determinations. After a
thorough review of the relevant history of the adjudication, the Special Master properly rejected the
argument that “the trial court ruled, and was affirmed by the Supreme Court, that subflow analysis must
consider current and not predevelopment stream flow conditions, entitling the affirmed ruling to stare
decisis.” Special Master's Report at 47.

*1d. at 51.

**1d. at 50.
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flows.”%® The Special Mster’s Report correctly recognizes that
“W despread diversion” does not refer to every activity
occurring within a water system The predevel opnment stream fl ow
conditions ADWR considers in its streamflow anal ysis should be
t hose existing during an identifiable chronol ogi cal year or
range of years imediately prior to regular, discernable

di version or depletion of streamflows resulting fromhunman
activity.

The Court agrees with those suggesting ADWR shoul d take a
practical approach and adopt the earliest predevel opnment
timeframe for which accurate and reliable data is available. The
Departrment may find the appropriate predevel opnment period
differs even within various watersheds due to the quantity and
quality of available data. The Departnent may use its discretion
in excluding fromits anal ysis human generated depl eti ons or
di versions it concludes were mninmal, |ocalized, or sporadic.
This approach will ensure the adjudication adopts a
jurisdictional standard that assures surface water users that
their rights are not prejudiced by the nere passage of tine,
whi |l e recogni zing the | egal protections supplied groundwater
users.

bj ectors arguing that the adopted subfl ow definition
restricts streamflow analysis to current conditions rely on the

following two gui delines found in the Goodfarb Order:

“® M. E. 2, n.1, supra.
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1. The “subfl ow zone nust be adjacent and beneath a
perennial or intermttent stream

2. It may not be adjacent or beneath an epheneral
stream However, it nmay be adjacent or beneath an
epheneral section of a perennial or intermttent
stream if the epheneral section is caused by
adj acent surface water diversion or groundwater
punpi ng. There nust, however, be a saturated zone
beneat h connected to sim |l ar zones beneath the upper
and |l ower perennial or intermttent stream sections.
(Enphasi s supplied.)?’

Sone parties refer to the italicized | anguage above as the
“epheneral stream exception.”

Those urging use of current conditions assert that the
“epheneral stream exception | anguage denonstrates that the trial
judge intended that the subfl ow exception be adjudi cated under
current and not predevel opnent conditions because no groundwater
punpi ng or surface water diversion existed” in the
predevel opnent era.*® They believe that any proposed definition
of “predevel opnent” is automatically at odds with the epheneral
stream excepti on because the diversions and depl eti ons nenti oned
in the exception could not have occurred in a predevel opnent
peri od. #°

" Goodfarb Order at 35.

“8 Cities’ [of Chandler, Glendale, Mesa, and Scottsdale] Response to Comments and Objections to Special
Master's Subflow Report on the Arizona Department of Water Resources’ Subflow Technical Report (Nov.
1, 2004) (“Cities’ Response™) at 5.

49 APS/PD Objections at 19.
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Al t hough finding that no court has resolved the
predevel opnent or current conditions dispute, the Special Master
found “that in order to give effect to the plain |anguage of the
exception, and incorporate it into the subflow analysis, the
applicability of the epheneral stream exception nust be
det ermi ned usi ng post-devel opnment conditions.”®® This Court
bel i eves that when read in proper context, the epheneral stream
exception supports use of predevel opnent conditions to delineate
t he subfl ow zone.

At its core, the Goodfarb Order provides that the subfl ow
zone may only be conprised of areas related to perennial and
intermttent streans. That is the rule. No epheneral streans may
be i ncluded. The exception to this rule arises when eval uating
streans that would legitimately be categorized as epheneral, but
only because of the effect of surface water diversions or
groundwat er punpi ng. The exception requires, in effect, that
t hese streans be considered in a predevel opment state. That is,
if one assunes away the effects of diversions and punpi ng, would
t he subject streans share the characteristics of an adjacent

intermttent or perennial strean? If the answer is “yes,” they
can be included within the subflow zone due to their

predevel opnent attributes. Instead of an adnonition to use only
current conditions, the epheneral stream exception is evidence

that the Goodfarb Order contenplated that ADWR woul d outline the

*0 Special Master’s Report at47.
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subfl ow zone w thout having to be concerned that human generated
wat er di versions or depletions mght artificially divest
jurisdiction over water right clainms this Court is charged with
adj udi cati ng.

The remai nder of the Special Mster’s recomendati ons
concerning subfl ow anal ysis, nanmely Recommendati on Nos. 1
t hrough 10, 18, and 19, provide gui dance as to how ADWR shoul d
map the subfl ow zone and are | ess controversial than those
di scussed above. The parties and this Court generally agree that
t he Departnent should incorporate the definitions of “perennial,
intermttent and epheneral streans” announced in the Goodfarb
Order, consider a wide variety of resources (e.g., historical
data, scientific reports, aerial photography, and field studies)
when attenpting to locate all the streans within a watershed,
and take special care to ensure that the mappi ng net hods used
are as accurate as possible.>!

The Cone of Depression Test

In Gla lV, the Arizona Supreme Court held that the rights
to withdraw water from sonme wells | ocated outside of the
jurisdictional subflow zone are to be adjudicated by this Court.

The included wells are those:

°L |1d. at 24-39. In approving the Special Master's Report Recommendation No. 6, which provides that
“[t]he Court should direct ADWR to exclude from the subflow analysis the ephemeral streams shown in
the NRCS soils survey maps,” the Court does not inte nd to modify its ruling as to how ADWR is to apply
the ephemeral stream exception when mapping the subflow zone.
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[L]ocated outside the |ateral paraneters of the
defined ‘subflow zone ...[whose] ‘cones of depression
reach the ‘subflow zone and the drawdown fromthe
wel | affects the volune of surface and ‘subflow in
such an appreci abl e anount that is capabl e of
nmeasurenent ... [A] well may be subject to the
adjudication if its ‘cone of depression’ caused by its
punpi ng has now extended to a point where it reaches
an adjacent ‘subflow zone, and by continual punping
will cause a | oss of such ‘subflow as to affect the
quantity of the stream®?

In response to this Court’s request, ADWR devised a nethod
for determ ning whether water punped froma well |ocated outside
the subfl ow zone creates a cone of depression that intercepts
and wi t hdraws subfl ow. The second series of issues discussed in
the Special Master’s Report address the recommendati ons for
i npl enenting the Departnent’s proposals for measuring cones of
depression created by well punping.

52 Gila 1V, 198 Ariz. 342-43, 9 P.3d 1081-82.
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1. Testing Standards and Techni ques

ADWR proposes an el even-step cone of depression test.>® The
Depart ment reconmends that determ nations should be nade on a
wel | - by-wel | basis, but that some conponents of its test should
be conbined to permit nore efficient collection of data rel ating
to wells located within a general area. To increase efficiency
and reliability, the Departnent desires to use analytical and
nunmerical nodels as part of its testing process. The Speci al
Master’s Report describes these nodels as “sets of mathemati cal
fl ow equati ons whose solutions yield sinulations of the behavior
of aquifers in response to stresses.”> Use of npdels is intended
to provide ADWNR with a sinplified representation of an aquifer
based upon avail abl e hydrogeol ogi c i nformati on concerning | ocal
conditions and aquifer properties. Wien nappi ng the subfl ow zone

in an area conprised of sinple geology, ADWR proposes to use an

°3 The Department will:
1. Determine well location, elevation, and distance from jurisdictional subflow zone;
Determine pumping history;
Determine frequency of pumping;
Determine how the well was constructed;
Characterize local hydrogeologic conditions;
Define local aquifer properties;
Construct a conceptual model of the aquifer system;
Select a mathematical model;
9. Input data and run a simulation using mathematical model;
10. Analyze model output; and
11. Determine whether a well should be adjudicated.
Subflow Report at 23.
>4 Special Master’s Report at 74

NGO ~WD
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anal ytical conputer programto determne a well’s cone of
depression. Wen confronted with areas in which an aquifer is
nmore conplex, the Departnment will shift to a nunerical nodel,
the use of which is nore tinme consum ng and requires
supplenental field data for proper calibration.

In order for a well to be included in the adjudication,
ADWR suggests that two conditions nust be nmet as of the tinme of
t he nodel i ng:

1. The well’s “sinul ated cone of depression has reached
t he edge of the jurisdictional subflow zone and
drawdown at that point is greater than or equal to
0.1 foot;” and

2. The “water level in the well is below the water
level in the jurisdictional subflow zone during
punpi ng...” (Enphasis in Subflow Report.)?®°

Criticismof the 0.1 foot standard focuses on the claim
that ADWR s conputer nodels cannot provide consistently accurate
measurements of the extent of drawdown at the edge of the

subfl ow zone. °®

bj ectors concede it is possible to obtain
accurate water | evel nmeasurenents at 0.1 foot increnents, but

argue these results cannot be acquired solely by using the

°> Subflow Report at 31.

%6 One claimant asserts that the Goodfarb Order held that the 0.1 foot criterion couldn’t be used.
ASARCO’s Objections at 13. The Court agrees with the Special Master that the trial court’s belief in 1994
that drawdown measurements at 0.1 foot increments would be “difficult” proved to be incorrect and, in
any event, does not serve as an impediment to adopting an appropriate method for evaluating a cone of
depression. Special Master’s Report at 63.
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nmodel s endorsed by the Department.®’ They claimthat absent field

t est

wat er

corroboration, ADWR s use of conputer nodel ed simnul ated

levels will fail to satisfy the requisites for cone of

depressi on neasurenents announced in Gla IV.

The Special Master carefully considered argunents for and

agai nst ADWR s proposal and concl uded:

test,

Gla IV requires that the cone of depression test
must yield results with a high degree of reliability.
Under the clear and convincing evidentiary standard,
ADWR s determ nation that a well’s cone of depression
i npacts the subflow zone neans it is highly probable
t he cone of depression has reached the edge of the
subfl ow zone. The Special Master finds that a conputer
nodel s sinmul ation of a greater than or equal to 0.1
foot drawdown can satisfy the degree of reliability
required by Gla IV and the highly probabl e standard
of clear and convincing evidence. The requisite
reliability will depend ...on the quality and quantity
of paraneter inputs. A focused and reasonable effort
to collect and use reliable data and informati on nust
be made if a high degree of reliability is to be
att ai ned. °®

In evaluating the Departnent’s proposed cone of depression

the Court nust keep in mnd both that absol ute accurate

guantification is not possible, and a hodgepodge system of

uncertain reliability is not acceptable. Even though sone

requi

site data for accurate cone of depression nmeasurenents

" BHP Copper Inc.’s Objection to Report of the Special Master on the Arizona Department of Water
Resources’ Subflow Technical Report, San Pedro Watershed (Oct. 1, 2004) (“BHP’s Objection™) at 5-9;
APS/PD Objection at 22-27.

%8 Special Master’s Report at 65.
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“Wi |l often be either unknown or poorly known, ”®® ADWR is charged
with adopting a test that is “realistically adaptable to the
field” and neasurenent standards that are “the | east expensive
and del ay-causing” efficient nethods that provide “a high degree
of reliability.”® In judging whether the Departnent has
satisfied these directions, the Court accepts that “[c]onducting
cone of depression tests requires numerous assunptions and
consi derabl e judgnent and, in many cases, the test results wll
only provide a rough approximation of actual field conditions.”®
ADWR' s nodeling proposal, as clarified by the Speci al
Master’s Report, is an affordable, delay-avoiding, adaptable
nmet hod of determ ning cones of depression that provides an
acceptabl e degree of reliability and accuracy. The parties agree
that the 0.1 foot drawdown criterion conports with the
“appreci abl e” and “neasurabl e” standards put in place as a
result of the decisions in Southwest Cotton and Gla Il. The
only legitimate concern is whether conputer nodels can
accurately reflect a well’s drawdown.
At the hearing held on this issue, testifying experts
uni formy acknow edged that they “use anal ytical and nuneri cal
conputer nodels to estimate drawdown to 0.1 foot (or snaller)

and that they report such results to their clients with the

%9 Subflow Report at 21.
% Gila IV, 198 Ariz. at343, 9 P.3d at 1083.
61 Subflow Report at 21-22.
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expectation that the clients will rely upon those results.”®?

While this observation is not determnative, it is instructive
as to how those in the industry regard the use of nodeling. Mre
i nportant, the evidence before the Special Master established
that any error potential can be dramatically reduced by paying
close attention to the accuracy of the data relied upon when
setting the paranmeters used by the conputer nodels. The Speci al
Master’s recommendation wth respect to cone of depression
nmeasur enent s addresses the objectors’ concerns by making cl ear
that ADWR s proposed nethods will satisfy the requirenments of
Gla IV and the “highly probable” clear and convinci ng
evidentiary standard only if the Departnent inplenents a focused
and reasonabl e nechani smfor obtaining highly reliable data
which are used in setting nodel paraneters.®®

ADWR s second condition for including a well within the
adjudication is that the well’s water level is below the water
I evel in the jurisdictional subflow zone during punping. The
Departnent believes that a well should not be included in the
adjudication if it is not |located within a topographic area
conduci ve to causing water to flow fromthe subflow zone to the

wel | . Under this definition, subflow drawdown potential would be

62 SRp’s Response at 22; see Special Master’'s Report at 61.

83 Special Master's Report at 65. The Court also agrees with the Special Master’s rejection of the
alternative methods suggested for determining a well's cone of depression because due to inaccuracy,
cost, problems with implementation, and delay, they do not satisfy the economy, expediency, and
reliability criteria set forth in Gila IV. Id. at 68 & 70-71.
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determ ned based upon the hydraulic gradient between a stream
and a wel | .% Making these determinations regarding the nearly
6,500 wells in the San Pedro R ver \Watershed would be costly and
potentially delay subflow zone determ nation for sone tine. The

Speci al Master concluded this process was neither feasible nor
practical and would not conply with Gla IV s econony and
expedi ency criteria.®

The Special Master also noted that tying a well’s inclusion
in this adjudication to hydraulic gradient reversal is not
consistent with the follow ng findings made in the Goodfarb
O der:

[ S]tream depl eti on occurs as soon as the “cone of
depression” reaches the stream even though it may be
sone time before the hydraulic gradient at the river
is reversed, and may be many years before a particle
travels fromthe streamto the well. (Citation to
transcript omtted). [Expert w tnesses] Ford and Page
contend that streanflow depletion first takes pl ace
when the cone intersects the stream not when the
hydraulic gradient is reversed or the nolecul e of
streanflow is ejected by the well. (Ctations to
transcript omtted). It is beyond dispute that even
before the gradient is reversed, a nmeasurabl e drawdown
at the streanmis “subflow zone necessarily results in
wat er | eaving the zone in order to fill the void which
has been created by the well. Ford' s Report, (citation
omtted) [when the cone intersects the “subfl ow zone,

6 Under this test, ADWR would determine if there was hydraulic gradient reversal over the entire
distance between a well and a stream. That is, does the gradient flow downward continuously from the
stream to the well? Id. at 70.

% See n.64, supra.
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it “induce[s] subflowto | eave (deplete the Subfl ow
Zone and the streanf)]. This is true even where the
gradi ent has not been reversed everywhere between the
wel |l and the stream (Enphasis by Special Master.)®®

The Gla IV court’'s affirnmance of the Goodfarb Order, which

i ncl uded t he | anguage quoted above, mandates that it is the
effect on a streamand its subflow, not additions to a well’s
output, that is to be nmeasured when deciding which wells are
subject to this Court’s jurisdiction.

2. Transient or Steady State Mdeling

Havi ng approved the use of analytical and nuneri cal
conputer nodeling, the Court nust address the tenporal
paranmeters to be used when testing. ADWR suggests that only the
time of nodeling be considered when applying the cone of
depression test. This test nethod is called “transient state
nodeling.” Its major deficiency is that it is a snapshot
approach that does not account for the fact that a well’s cone
of depression is dynanmic. The parties agree that a well’s cone
of depression generally stabilizes gradually, expanding or
decreasing after the period of nodeling. Transient state nodels
do not account for the prospective inpact of well wthdrawals.
This testing approach may result in wells that wll inpact the
subfl ow zone for only the briefest portion of the next

m |l enni um bei ng included in the adjudication, while other wells

6 Special Master’s Report at 73 (quoting Goodfarb Order at 61).
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that will have a dramatic inpact on t he subflow zone (but not
during the relatively short nodeling period) are not included.

Those criticizing ADWR s proposed approach urge the Court
to direct the Departnent to use a steady state nodel.® Wile no
one can predict wwth certainty the future use of wells, the
steady state nodel does not have a tenporal limt and purports
to account for the future inpact of withdrawals by using | ong-
term average hydrol ogic data to establish an equilibrium between
a punping well and the anmount of water the well w thdraws from
streams and under ground sources. ®® The weakness of steady state
nodeling is that it does not as accurately account for
conditions during a specific time period and, according to its
critics, cannot effectively sinulate either the dynamc
hydr ol ogi c systens in Sout hwestern deserts or changes in
groundwat er st orage. °°

It is clear that if a nore accurate result is desired with
respect to arelatively narrow tinefrane, transient state
nodeling is preferable, but if long-termaccuracy is needed, the
steady state nodel will, over time, be nore useful. Wich
approach is nore appropriate for the adjudication?

The Special Master resolved this issue by focusing on the
foll ow ng excerpt fromGla IV:

67 Special Master’s Report at 82.

% 1d.

% 1d. at 83.
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[A] well may be subject to the adjudication if its *
‘cone of depression’ caused by its punping has now
extended to a point where it reaches an adj acent
‘subflow zone, and by continual punping wll cause a
| oss of such ‘subflow as to affect the quantity of
the stream”

...DWR may seek to establish that a well |ocated
outside the limts of the saturated fl oodpl ain
alluviumis in fact punping subflow and is therefore
subj ect to the adjudication, by show ng that the
wel | s cone of depression extends into the subfl ow

zone and is depleting the stream (Enphasis by Specia
Master.) '™

Rel yi ng on the | anguage above, the Special Master concl uded that
the steady state nodel’s attenpt to consider the future inpact
of a well’s cone of depression does not conport with the
requi rements announced in Gla |V because to be included within
this Court’s jurisdiction, a well’s cone of depression nust
extend into the subflow zone, and the well nust be currently
depleting a stream’* Review of relevant sections of the Goodfarb
Order and the Gla |V opinion cause this Court to reach a
contrary concl usi on.

After narromy defining the area in which subflow may be
found, the Arizona Suprene Court adopted a nore expansive

standard with respect to who, within this narrow zone, is

"0 1d. (quoting Gila 1V, 198 Ariz. at 343, 9 P.3d at 1082).

1 Even though he viewed ADWR’s transient state modeling proposal favorably, the Special Master was
apparently uncomfortable with the potential unjust results that can flow from snapshot measurements.
Id. at 84 (“Although Gila IV and the evidence do not support rejecting ADWR’s recommendation, the
impact of expanding cones of depression must be taken into account.”).
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subj ect to the adjudication.’”? Adopting the reasonabl e
assunptions made in steady state nodeling is consistent with the
princi pl es announced in the Goodfarb Order and approved by the
Gla IV court. The Goodfarb Order explicitly recogni zed that

cones of depression expand over tinme and can have a |ong-term
effect on subflow even after well punping ceases:

[ The] facts show ...that “cones of depression” have
long-termeffects even after the wells are shut down.
Two recent Col orado cases nmake that clear. Daniel son
v. Castle Meadows, 791 P.2d 1106 (Colo. 1990) and
State Engineer v. Castle 6 Meadows, 856 P.2d 406
(Col 0. 1993) discuss the long-termeffect of post-
punpi ng depletion. In the “Dani el son” case the trial
court had found that post-punping depletions could
continue up to and after 200 years. In the remanded
trial which took place in 1991, the trial court found
t he post- punpi ng depl etions could continue up to and
after 400 years. In both cases the Col orado Suprene
Court found that these post-punping depletions had to
be renedi ed by the punps to protect surface water
users...

Al'l of the principal wi tnesses agreed that even
wel |'s | ocated outside of a streanmis “subflow could,
over time, build up extensive “cones of depression”
whi ch coul d severely affect the volune of streamfl ow
and the “subfl ow which supported it."3

The trial court’s finding that “stream depl eti on occurs as
soon as the ‘cone of depression’ reaches the stream even though

it my be sonme tinme before the hydraulic gradient at the river

2 Gila 1V, 198 Ariz. at 343, 9 P.3d at 1082.
3 Goodfarb Order at 60.
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is reversed, and may be many years before a particle travels
fromthe streamto the well” evidences that the court intended
for future punping consequences to be considered when setting
the adjudication court’s jurisdiction.” Wen this ruling is read
in conjunction with the quote fromdG@la IV relied upon by the
Speci al Master, an alternative interpretation appears:

[A] well nay be subject to the adjudication if

its “ ‘cone of depression’ caused by its punping has
now extended to a point where it reaches an adj acent
‘subfl ow zone, and by continual punping will cause a

| oss of such ‘subflow as to affect the quantity of

the stream” (Enphasis supplied.)

The | anguage cited above is consistent with the Goodfarb
Order and requires that a well with a cone of depression
reachi ng the subfl ow zone be subject to adjudication if the
extent of the well’s current or prospective depletive effect on
the streamis measurable by reasonably accurate neans. Only
steady state nodeli ng adequately addresses the need to consi der
the future consequences of existing well characteristics that
was contenpl ated by the Goodfarb O der

3. Cunul ative Effect of Multiple Well Drawdowns
The Gla IV opinion requires that wells nust be
individually evaluated to determne if they are subject to the

adj udi cation. The Special Master’s Report asks whether, in

" 1d. at 61.
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addition to this individual analysis, the cumulative drawdown
effect of groups of wells should be reviewed. ’”® Parties favoring
cunmul ative testing claimthat avail able nunerical nodels easily
and accurately calculate the cunul ative inpact of clusters of
wel |'s.’® They argue that the Court nust direct ADWR to undertake
i ndi vi dual and cunul ative analysis in order to adequately
protect surface water rights. Qther parties argue that

cunul ative testing will detract fromthe Departnment’s efforts to
conpl ete higher priority tasks directly related to statutorily
mandat ed tasks.’’ The Special Master’s Report adopts a hybrid
posi tion and recommends that ADWR sel ect one or nore groups of
wells to test whether cunul ative analysis is warranted.

Because the jurisdictional limts of the subflow zone are
strictly drawn, the better approach is to undertake such
analysis as is required to identify all wells within this narrow
region that are affecting subflow The Special Master’s Report
i ndicates that an anticipated hydrol ogi cal study of the Sierra
Vi sta Subwat ershed may provi de additional relevant information

regardi ng the individual and cunul ative effects of well

> Special Master’s Report at 86.

8 Apache Tribes’ Objections to the Report of the Special Master on Arizona Department of Water
Resources’ Subflow Technical Report (Oct. 1, 2004) (“Apache Tribes’ Objections”) at 21-22; United
States’ Response to Exceptions to the Report of the Special Master on the Arizona Department of Water
Resources’ Subflow Technical Report, San Pedro River Watershed (Nov. 1, 2004) (“U.S. Response™) at
14-15.

T ASARCO Incorporated’s and Arizona Water Company’s Reply in Support of Objections to the Report of
the Special Master on the Arizona Department of Water Resources’ Subflow Technical Report, San Pedro
River Watershed (Dec. 1, 2004) (“ASARCO’s Reply”) at 9.
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pumping.’® At least with respect to the San Pedro watershed, the
Depart ment shoul d ascertain whether significant w thdrawal s of
subf | ow occur as the result of punping by one well or a group of
wel l's.
De Minimis Uses

Wth one limtation, the Gla IV decision requires wells
| ocated within the lateral limts of a subflow zone to be
subject to this adjudication. The exception excuses those wells
“that, though punpi ng subflow, have a de mnins effect on the
river system.. [Those wells] may be excluded fromthe
adj udi cation based on rational guidelines for such an excl usion,
as proposed by DWR and adopted by the trial court.”’”® Gla Il
al so sanctions summary adjudication of de nmininms water rights. 2

The Subfl ow Report describes the work done by then Speci al
Mast er John Thorson to determne if certain stockwatering,
st ockponds, or donestic water uses in the San Pedro River
Wat ershed qualified for sunmmary adj udi cati on. Special Master
Thor son concl uded that when neasured individually these uses had
a de mnims inpact on the watershed, and even though their
cunul ative inpact was not de minims, he found that the
resources required to individually adjudicate and

adm ni stratively nmanage these water rights justified summary

8 Special Master’s Report at 88.
™ Gila 1V, 198 Ariz. at 344, 9 P.3d at 1083.
80 Gila 11, 175 Ariz. at 394, 857 P.2d at 1248.
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adj udi cati on. ADWR accepted the Special Master’s definitions of
what constitutes a de mnims donestic, stockpond, or
stockwat eri ng use, but the Departnent did not agree with the
Speci al Master that these uses should be adjudicated sumarily.
Because the Subflow Report was filed on March 29, 2002, the
Departnent’s discussion did not reflect that on Septenber 26,
2002, this Court approved Special Master Thorson's proposed de
mnims definitions and adopted his recomended summary

adj udi cation procedures.?!

Sone claimants suggest that the Court direct ADWR to
propose gui delines for determ ning when non-donestic water uses
(e.qg., agricultural, rmunicipal, industrial, and other uses) have
a de ninimis effect on a watershed.® They believe the Departnent
shoul d propose a set of de minims criteria that apply
irrespective of the type of water use.® The Court agrees with
these parties that a prinme consideration when determning if a
water use has a de mnims effect on a watershed is its
quantifiable inpact on the subflow zone. Until ADWR proposes an
accurate and reliable nethod for determ ning quantifiable
inpacts, its de minims proposal wll be deficient.”?

The Special Master’s Report and sone comments indicate that

the parties did not extensively brief this issue, and it may

81 Memo. Dec. (Sept. 26, 2002).

82 Special Master's Report at 93.

8 APS/PD Objections at 37.

8 1d.
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“best be considered at such tinme as ADWR and the parties have
more new or updated data.”® The Special Mster will be directed
to seek input fromthe Departnent and clai mants, and conduct
such proceedi ngs as he deens necessary to craft a workabl e,
reasonably accurate de mnims standard that can be applied to
non- donesti c water users.
Implementation of Procedures

The Departnment and the Special Master have supplied a
nunmber of recommendati ons responding to the Court’s request that
ADVWR propose a schedule for conpleting the tasks outlined inits
report. The Court agrees with the Special Mster that ADWR s
proposal of first mapping the subflow zone in a watershed, then
identifying de mnims uses, and finally conducting cone of
depression tests is appropriate.® The parties generally agree
with this plan, although sone disagree with the Special Master’s
recommendati on of a period of one hundred twenty (120) days for
filing objections to ADWR s technical report delineating the
subfl ow zone.® The Court does not chall enge the Special Mster’s
anal ysis of the applicable statutory authority governing the
filing of objections, but it will accommpdate the desire of
cl ai mants requesting a one hundred eighty (180) day period for

the tinmely filing of objections and cormments to a technical

8 Special Master’s Report at 93; see SRP’s Response at 36-37.
8 Subflow Report at 45; Special Master’s Report at 96.
87 APS/PD Objections at 38-39.
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report. The Court agrees with the remai nder of the Speci al
Master’s recommendati ons regarding the inplenentation of
procedures.

The foregoing discussion constitutes the Court’s findings
of fact and conclusions of law with respect to the Speci al
Master’s Report and the Departnent’s Subfl ow Report. Based upon
t hese findi ngs and concl usi ons,

| T 1S ORDERED, approving the Subflow Report as nodified by
this O der.

| T I' S FURTHER ORDERED, that with respect to the
recommendati ons set forth in the Special Master’s Report:

1. The Court approves and adopts, as nodifications to the

Subf | ow Report, Recommendation Nos. 1, 2, 3, 4, 5, 7, 8,
9, 10,11 ,13, 14, 20, 21, 22, 23, 24, 25, 26, 27, 30, and
31.

2. Wth respect to Reconmendation No. 6, the Court approves
and adopts this recommendati on, but notes that ADWR shal
include as part of the subflow zone any areas determ ned
to fall within the epheneral stream exception discussed
above.

3. If ADWR determ nes, with respect to any specific area, it
cannot delineate a reasonably accurate and reliable
subfl ow zone, it shall proceed in accordance with

Recommendati on No. 12.
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4. Recommendati on No. 15, as clarified by this Oder, is
approved and adopt ed.

5. Recommendation Nos. 16, 17, and 32 are not approved and
adopt ed.

6. Reconmendati ons Nos. 18, 19, 29, 33, 34, 36, 37, 38, and
39 are approved and adopted to the extent consistent with
this Order.

7. Recomendation No. 28 is not approved and adopted. ADWR
shall utilize a reasonably reliable steady state node
for use in evaluating the effect of cones of depression.

8. The Court approves and adopts Special Master’s
Reconmendati on No. 35 to the extent nodified by this
Court’ s hol di ngs.

9. The Special Master is directed to seek input fromthe
Departnment and cl ai mants and take such other necessary
steps to fashion standards for identifying non-donestic
de minims water uses.

IT IS FURTHER ORDERED, that claimants shall be provided a
period of one hundred eighty (180) days fromthe filing date to

file tinmely objections and conmments to technical reports
contai ning ADWR s subfl ow zone determ nati ons.

DATED: Septenber 28, 2005.

/s/ Eddward P. Ballinger, Jr.

EDDWARD P. BALLI NGER, JR
Judge of the Superior Court
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* * * *

A copy of this mnute entry is nmailed to all parties on the
Court-approved W1, W2, W3 and W4 nmailing list dated June 15,
2005, and the parties listed bel ow

Cty of Benson

Jennele Morris OHair, P.C
PO Box 568

Vail, AZ 85641-0568

Long Meadow Ranch Property Omers Associ ation
Ceorge E. Price, President

12110 North Antel ope Run

Prescott, AZ 85305

Val ory Strausser

Lee A Storey and Steve Wne

Moyes Story, Ltd.

1850 North Central Avenue, Suite 1100
Phoeni x, AZ 85004

Yavapai County Attorney’'s Ofice

M Randol ph Schurr

255 East Gurley Street, Third Fl oor
Prescott, AZ 86301
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